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)PLANNING THE INTERREGIONAL HIGHWAY 
SYSTEM 


BY THE DIVISION OF HIGHWAY TRANSPORT, PUBLIC ROADS ADMINISTRATION 


Reported by H. E. HILTS, Assistant Chief, Division of Highway Transport 


no startling innovation to the highway builders of 
this country. Since the first settlers landed on 
American shores, people have been dreaming of it and 


7 SHE concept of an interregional highway system is 


building it. 


The construction of routes that form the basic outline | system. 


of the interregional system (fig. 1) has been quickened 
by the advent of gas-driven vehicles whose owners have 
® been farsighted enough to join in reasonable cooperation 
in financing by public investment the highway plant 
that is now one of the world’s wonders. ‘To those who 
have lived in this era the highway plant has seemed to 
grow at an uncommonly leisurely pace largely because 
Americans are, in the main, a restless, creative people. 


Now the main highway 
network is practically all 
surfaced and, in order 
to attain major benefits 
promptly for both civil and 
military requirements, it 
seems logical to plan and 
carry out a program of bet- 
termentsand new construc- 
tion on routes carrying 
large volumes of swiftly 
moving traflic between the 
country’s main population 
centers. This was probably 
the impelling reason when 
the Congress included in 
the Federal Highway Act 
of 1938 a provision, sec- 
tion 13, which directed the 
Chief of the Bureau of Pub- 
ic Roads to investigate 
Mand to report to the Con- 
gress on the feasibility of 


uilding and operating as toll roads six express highways. 
lhe results of the investigation undertaken pursuant 
0 this instruction were published in Toll Roads and 





regional lines of travel. 








Interregional highways have been built in this 
country from its earliest days. Their character and 
extent have always been limited by available funds, 
which, in turn, have depended upon the economic 
importance of the mode of transport that has used 
them. 

The present need of a balanced interregional system 
of free highways to serve the respective needs of the 
regions traversed as well as the needs for longer 
interregional movements is apparent. This system 
should mainly be made up of the most direct routes 
between the major centers of population and the 
belts of heaviest population. 

A tentatively defined interregional system is located 
and the needs of the system are discussed. Design 
standards are given and cost estimates on both a long- 
term program and an emergency program are quoted. 
The distribution of the system in geographic regions is 
analyzed and preliminary indications of the use, cost of 
operating, and the earning capacity of the system are 
developed. 








This paper deals with the general problems en- 
countered in a tentative study of the first point together 
with some remarks on an emergency modernization of 
the tentatively defined interregional system and the 
elimination of hazards 


grade crossings on the 


29,330 MILES INCLUDED IN INTERREGIONAL SYSTEM 


The system shown in figure 1 and tentatively se- 
lected after close cooperation with State and Federal 
agencies includes substantially all of the major inter- 
The system is 29,330 miles 
in length, of which 25,554 miles are rural in character 
and 3,776 miles are in urban territory. Figure 2 


shows that it serves sub- 
stantially all of the major 
population centers and the 
belts of heaviest popula- 
tion. 

Traffic maps of the routes 
to be improved, given in 
figures 3 and 4, show the 
routes as the most heavily 
traveled, on the whole, of 
all the routes in the U.S. 
numbered system of high- 
ways. Improved asa sys- 
tem of largely limited- 
access free roads, it will 
attract traffic and generate 
new activities. To show 
how the traffic builds up 
in cities, the traffic flow 
has been plotted verti- 
cally in profile form and 
is shown in figure 5. 

The existing rural routes 


most nearly conforming to the direct routes of the inter- 
regional system (figs. 6 and 7) now serve almost 11 per- 
cent of the total vehicle-miles of travel on all rural high- 


rec Roads, House Document No. 272, 76th Congress, | ways. Although their length represents only about 1 


Hirst Session. From the discussion in that report there 
peetged a general outline of what was called A Master 
lan for Free Highway Development. The consum- 


nation of this plan calls for the full cooperation of the | rural vehicle mileage. 
ederal and State Governments. The program out- | up-to-date safety devices these free roads would effect 


ined in that report includes the following five points: 


Che construction of a special, tentatively defined system of 
interregional highways, with all necessary connections 
1 around cities, designed to meet the requirements of 
al defense in time of war and the needs of a growing 
traffie of longer range. 
he modernization of the Federal-aid highway system. 
ation of hazards at railroad grade crossings. 
Pale y nt of secondary and feeder roads, properly 
egrated with land-use programs. 
ation of a Federal Land Authority empowered to sas 
, and lease lands needed pany thes: purposes centers of the cities. 


; ike 
firect 
hrough anc 
he nation 
Deacetime 

3. The elimin 

4. An improveme 

o. The ere 


equire, hold, sell 
nd to acquire an 


nent, d sell excess lands for the purpose of recoup- 


1 Paper 


oard, | eoresented at the Twentieth Annual Meeting of the Highway Research 


cember 1940, 
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towns. 





percent of the total rural highway mileage of the country, 
it is estimated that the completed system would unques- 
tionably accommodate at least 12.5 percent of the total 
By providing ample capacity and 


a material reduction in the highway accident rate. 

In the data submitted in this paper the direct routes 
follow the alinement and incorporate the improve- 
ments of existing highways with deviations from direct 
routes between population concentrations in limited 
degree only to accommodate the largest intermediate 


The routes are assumed to join facilities that will 
promote free movement of traffic to and through the 
At large cities, wherever neces- 
sary, limited-access belt lines will have to be provided. 
All small communities are assumed to be bypassed. 
The two conditions cited are premised upon whether 
the city or town contributes either (1) the larger, or 
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FIGURE 1.- 


Existing Highways FoLLowiInG THE APPROXIMATE ALINEMENT OF 
HicgHway System. 


THE TENTATIVELY SELECTED INTERRI 
































’ 4 
*» 
Rea 
*, 
= . < ™ . ’ ° ae zZ | 
Ss ; 
} th * 1» —— —— ~ . ¥ i 
| ca ee | ~ Fe @ 
a 
, 2 
. : : * ; 
X ihe = : nf bg ~s % 
nt ne +24 S et . a3 A 
) ae. — . = ot ee “Ss 
~ : pie eo oe — 
f° ~ = ————™N ae - #: « * *. ae / 3 Uj 
= ¢ e F yea va ~ 
: e wri -@+ .2.% * i 3 Ss 
ft: _* scene ee ee A Sh ee 
4 " 4 Pe ee eH 
i OE oe ae Pe . ww? 
. bs er: 4 ee ‘ A 
* b> * > 
. ‘ ; . bee . Bee i se *, .. : oH POPULATION 
> = 2 mr, = ws Pas aA 2 . . MILLIONS 
* 2” Gs 5 ay i. - d . 
“he 4 ks PM LY ~ | 
a 3 one Y ate 278 Me : ° oii \ i 
° *, . iS - é e* % ‘ o ® e z . -L ? 
° ° >. Ma ys hy ¥. or $ + * ” 5 i - 
: Spite S00 Gal Se OR Bak ae —_ 
* ote a ee ‘4 NB : et ne’ . USANDS 
= : “a _ = $00 
‘Cn we 7 = . ¢ 280 
‘ “4 «\ - ; 
a 20 4 
— 
co RURAL POPULATION 9 10 1 
( ) Each dot represents 000 people 25 10 10 
jaws! 
Figure 2.—Porvuation DistRIBUTION IN RELATION TO THE LOCATION OF THE TENTATIVELY SELECTED INTERREGION ‘|. HiGHW! 
System. 

















I~ 
. VIVG LE6I ‘SaLaoy INVvun 
IVH], GNV WALSAQ AVMHDIPT IVNOIDaUYS ALOMIAG AT: LNA “ee a pg Beacon, Mere 
H NOTOSUMAINT AGILOGIIS AIMAILVING, SHL NO Olaavuy wy J MAONASSV AVIV] AOVUAAY AHL NAAMLAG NOSI 
L uv; ADVUGAYW 2 NGAMLAG NOSIUVANOO—¢ quar 
~ 
a 
S 
i) 
ms 
oO 
— 
~ 
a) 
a 
P 

















3s || 
Z. 
my 
N 
i) 
> 
“"VLVC] RE6l ‘saLaOYy INVLUOdK] uaHLO 
NO LVHI, ANY W&LSAS AYMHDIP TVNOIDAUUA LN] aaLoatas VIGAILVI NGL aHL NO oraavuL sag aNyv won, ATIVC] aDVUdAY aHL NOAGM LAG NOSIUVAINOL) —FP qunolg 
0002 
oost 
greene exw meres TW £0 SEEUW SONDN = oo be 
rere: Since aememi BANAs = ° 
= wewn une sn =" 
wo ie 
\ ~ oN3037 soa. 
rw 
WY 
A 
x 
i) 
<4 
O 
~ 
~ 
4 | 
a. 
nn 








\ peeeriie ony wos A SBivs8 Wor 
rerwer Lom oe OL ew. Uren 
= 1406 














June 1941 PUBLIC ROADS 73 





FigurRE 5.—Trarric FLtow PROFILE OF THE TENTATIVE INTERREGIONAL H1iGHWay SystEM, 1937 Data. 


(2), the smaller part of the expected traffic on the 
route at its boundaries. 

In general, the main rural highways of the Nation, 
beyond the immediate vicinity of the cities, are of 
sufficient capacity to discharge the flow of present 
traffic. 

If aslight restriction of absolute freedom of movement 
is accepted, which is to be expected on the rural high- 
ways during short periods of maximum hourly traffic 
volume that occur in the course of a year, an average 
daily volume of 3,000 vehicles may be considered as 
within the reasonably convenient discharge capacity of 
a 2-lane highway. 

On this basis, figure 8 shows the portions of the inter- 
regional system now having only two lanes which should 
be widened. Sections now having four or more lanes 
are also shown in figure 8. To emphasize the contrast, 
figure 9 has been prepared to show only the existing 
sections having four or more lanes. These data were 
obtained by analysis of diagrams that will be discussed 
later. They have been prepared for the entire tentative 
interrezional system, first, between route intersections, 
and second, as continuous routes between main city 
termini. These diagrams show the main physical and 
Operating characteristics of the entire system. An 
analysis of these diagrams (table 1) shows that on the 
tentative system, 1,230 miles of more than 2-lane 
width are within 25 miles of municipalities having pop- 
ulations exceeding 100,000, of which 500 miles are 3-lane 
width and 730 miles are 4-lane width. The traffic 
data (table 2) show that to provide adequate traffic 
facilities, 1,770 additional miles of more than 2-lane width 
should be constructed within 25 miles of the larger 
municipalities, and 1,230 additional miles should be 
constructed on the remaining part of the rural interre- 
gional system, 

The traffic standards suggested above contemplate 
the construction of roads greater than two lanes in 
width when the present average daily traffic volume 
exceeds 3,000 vehicles. For the purpose of this dis- 
vy aby . —_— that 4-lane divided highways will 
ri be —— having present average traffic 
Should th rom 3,000 to 10,000 vehicles per day. 

present average volume exceed 10,000 ve- 


hicles per day, it might be that special conditions would 


} 





| 


require still wider pavements, but such requirements 
should be determined by analysis of each case rather 
than by resort to a general standard. 


TABLE 1.—Present lengths of sections of the tentative interregional 
highway system having more than 2 lanes, located within 25 miles 
of cities of more than 100,000 population 











Lengths inn co 
y nhi liwgi Y avi 7 yk’ 
Geographic divisio1 — 3 | lanes or Total 
anes more 

Miles | Miles Miles 
New England.-...-- 80 90 170 
Middle Atlantic_-_- 140 130 270 
East North Central -- 80 150 230 
West North Central 30 70 100 
South Atlantic 70 90 | 160 
East South Central 3 10 30 | 40 
West South Central 10 60 | 70 
Mountain... 10 | 10 
Pe. oaccc2ss55 80 100 | 180 
United States , 500 730| 1, 230 


TABLE 2.—A comparison between the length of sections of the tenta- 
tive interregional highway system requiring widths in excess of 
2 lanes and the length of the existing sections having more than 
2 lanes! 





Lensth of sec- | Length of sec- 
t cane Pet uiring | tions both re- | Length of sec- 
poe oo ‘6 | quiring and now| tions requiring 











janes having more widening 
— than 2 lanes 2 
Geographie division S i | 
Lo- Lo- | Lo- Lo- Lo- Lo- 
eated | cated | cated | cated | cated | cated 





within | beyond | within | beyond | within | beyond 
25 2 | 2 25 2 25 
miles | miles | miles | miles | miles | miles 
of cities) of cities) of ae of cities! of cities} of cities 


“a 

















New England-.-.--. eines | 390 | 180 170 7 220 110 
Coe ee 560 | 450 260 160 300 290 
East North Central___- 540 | 280; 200 100 340 180 
West North Central_-..-.--- 210 | 80 | 40 80 ee 
South Atlantic pakiteeoiie 430 240 150 160 280 80 
East South Central__.........--] 100 30 | hee 90 30 
West South Central _- caveat 220 190 | 40 30 180 160 
Mountain - .-.----. sa aeel 90 | 60 | 10 40 80 20 
| er roe a 270 | 610 | 160 250 110 360 

United States.............] 2,810 | 2, 120 | 1, 040 890 | 1,770 | 1,230 








1 The determination of need is based on the assumption that routes carrying in 
excess of 3,000 vehicles per day should be wider than 2 lanes. 

2 Length of sections now having more than 2 lanes and carrying more than 3,000 
vehicles per day. 
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PEAK TRAFFIC GREATLY EXCEEDS AVERAGE TRAFFIC VOLUME 


By correlating the analysis of the complete records of 
89 fixed-type automatic traffic counters, selected from a 
total of some 500 now in operation, with the analysis 
of speed and passing distance studies made on 28 sec- 
tions of 2-lane highway in Virginia, Maryland, Massa- 
chusetts, New York, Connecticut, and Illinois, and on 
8 sections of 4-lane undivided highway and 5 sections of 
4-lane divided highway in Massachusetts, New York, 
and Illinois, the following present general résumé ap- 
pears reasonable. During certain periods of the year, 


exceed the average. On roads with an average daily 
volume of 3,000 vehicles it may be expected that on 
1 day each year the volume will reach 7,300 vehicles, 
and that on the 10 days of heaviest traffic the daily 
volume will exceed 5,700 vehicles. This latter figure 
corresponds to what might be expected on a normal 
summer Sunday. 

On the average road carrying an average daily 
volume of 10,000 vehicles, the maximum daily volume 
will probably reach 18,500 vehicles, and on the tenth 
highest day, or the summer Sunday condition, the 
daily volume may be expected to be 15,000 vehicles. 
That volumes in this range require special analysis is 
shown by the fact that on one road, a modern 4-lane 
divided highway corresponding to the design proposed 
for the interregional system, an average traffic of 
10,000 vehicles per day resulted in a peak day’s flow 
of 24,000 vehicles, and on the 10 days of highest traffic 
volume, the daily flow exceeded 19,000 vehicles. Either 
special conditions induced these larger peaks, or the 
road’s design permitted a traffic movement more 
nearly corresponding to the desires of the traveling 
public. The latter explanation is quite reasonable 
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Figure 8.—LocaTion OF SECTIONS OF THE TENTATIVELY SELECTED INTERREGIONAL H1iGHWaAY SystEM HavinG Four or Mort 
LANES, AND OTHER SECTIONS WHERE 1937 TrarFric Data INDICATE THE NEED OF IMPROVEMENT TO Four-LANE STANDARDS. 


| when it is considered that the peaks on this road are 


in the same proportion to the average daily flow of 
10,000 as they are on the other roads with but 3,(00 
vehicles per day. Undoubtedly, congestion caused by 
poor alinement, intersections, and other restrictive 
features deters some travel and tends to lengthen the 
peak periods and thus to lower the peaks. 

The significance of these figures is emphasized by 
translating them to terms of hourly traffic density and 
measures of congestion. On the average highway 


| carrying an average daily volume of 3,000 vehicles, it 


and particularly on weekends, the daily traffic will far | 


may be expected that during 1 hour of the year the 
volume will be 750 vehicles, and during the 10 hours 
of heaviest flow the volume will exceed 550 vehicles 
per hour. As a result of studies on selected average 


| 4-lane roads it is estimated that with an average trailic 
of 10,000 vehicles per day, the maximum volume 10 





any 1 hour during the year will be 1,750 vehicles, and 
for 10 hours the flow will exceed 1,450 vehicles pe! 
hour. ; 

On the more modern road with its sharper trafle 
peaks, the hourly volume will reach 2,500 vehicles, 
and for 10 hours the flow will exceed 1,800 per hour. 
Since the 4-lane roads will be divided, however, the 
traffic in each direction will be of greater importance 
than the total. For an entire day the traffic in one 
direction will nearly equal that in the other. Fo 
individual hours, however, as much as 70 percent ° 
the total may be in one direction. Average roads, = 
average traffic of 10,000 vehicles per day, ‘hus wil 
carry some 1,200 vehicles in one direction during the 
heaviest hour, while the road permitting free ave 
will be required to accommodate 1,750 vehicles in on 
direction during 1 hour of the year. With these trafli 
standards, vehicles will be able to move with very litt? 
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FigurE 9.—LOcATION OF SECTIONS OF THE TENTATIVELY SELECTED INTERREGION 
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aL Highway System Havina Four or More 


LANES. 


restriction to speed even during the hour of heaviest 
flow. 

Studies have been made on 12 sections of 2-lane road 
tangents with only minor restrictions in alinement and 
grade beyond the limits of the sections under study in 
Massachusetts, New York, and Illinois. According to 
records obtained on the best of these sections, vehicle 
speeds in the periods of lightest traffic will generally 
average between 42 and 45 miles per hour, with 10 per- 
cent of the vehicles traveling at 52 to 54 miles per hour 
or faster. With an hourly rate of 750 vehicles, the 
worst condition that may be expected on 2-lane roads, 
the average speeds will range from 39 to 42 miles per 
hour, with 10 percent of the vehicles moving at 48 to 
50 miles per hour or faster. The average difference in 
speed between successive vehicles (designated herein as 
the congestion index), which is a measure of the free- 
dom of movement, decreases from around 8 miles per 
hour in the lightest traffic to 5 or less at a rate of 750 
Vehicles per hour. Shifting from a 2-lane to a 4-lane 
divided road at this volume of 750 vehicles per hour, 
corresponding to 3,000 vehicles per day, the average 
speed increases to 47 miles per hour or faster, with 10 
percent of the vehicles moving at 58 miles per hour or 
faster; and the congestion index shows a speed differ- 
ence between vehicles of about 8 miles per hour. 

_, Studies made on the best of four sections of road in two 
States indicate that as the average volume increases to 
10,000 vehicles per day on an undivided 4-lane road on 
— the traffic is not retarded by intersections and road- 
Skeet ee the maximum anticipated hourly 
pen =a _ 00 Mpeg in one direction would move at 
exceedin Se spee of 40 miles per hour, with 10 percent 

ding 54 miles per hour and the congestion index 


318311—41 9 


| would become about 7 miles per hour. On modern 
| 4-lane divided highways on which the sharper peaks 
will be expected, the maximum hourly rate in one di- 
rection may reach 1,750 vehicles per hour, but it is 
likely that the speeds will equal or exceed the values 
listed above for 1,200 vehicles per hour. 


CHARTS SHOW PHYSICAL CONDITION OF SYSTEM 


Figure 10 shows a portion of the interregional system 
from near Los Angeles to Sacramento, California, 
Distance on the diagram is represented by a very small 
scale. Beginning at the top, 1937 traffic density for the 
route is shown in terms of annual average 24-hour 
volume classified as total traffic, total trucks and busses, 
and that portion of the total that is classified as foreign 
(carrying out-of-State registration tags). Below traffic 
are shown the number of fatal accidents per mile and 
their location to the nearest mile. Below fatal accidents 
the number of restricted sight distances are given per 
individual mile classified as permanent or temporary. 
The number of sight distances shown are those in each 
individual mile that are shorter than desirable limits of 
1,000 feet and 650 feet in non-mountainous and moun- 
tainous areas, respectively. Below sight distance data 
are shown the number of grades longer than 500 feet 
in each individual mile exceeding 5 percent in non- 
mountainous areas and 8 percent in mountainous areas, 
considered generally as desirable maximum limits. 

Below grade data are represented to the indicated 
scale the number of curves in each individual mile of 
the highway that in 1937 were sharper than certain 
indicated desirable standards, generally 6 degrees in 
non-mountainous areas and 14 degrees in mountainous 





areas. 
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Figure 10.—Trarric Prorives, Limiting PuysicaL COMPONENTS OF THE Roab, AND LimiTING FEATURES OF BRIDGES FOL 


TION OF THE TENTATIVELY SELECTED INTERREGIONAL HIGHWAY SYSTEM. 


Below the curve data are shown pavement and right- 
of-way widths in feet. The character of the highway 
surface is represented by the shading or hatching within 
the broad bands extending across the diagram. The 
width of the pavement or surface on each mile is repre- 
sented to the indicated scale by the width of the hatched 
i _The right-of-way width is shown to the same 
scale. 

Below pavement and right-of-way width follow data 
on the number per mile of bridges having rated capaci- 
ties of less than 30,000 pounds, and the rated capacity 
of the weakest bridge in each mile; the number per mile 


| 





of restricted vertical clearances less than 18 feet, and 
the minimum vertical clearance in the mile; the number 
of restricted horizontal clearances per mile, «nd the 
minimum horizontal clearances per mile expressed 4 
the number of feet less than the specified base width of 
30 feet for 2 lanes, 42 feet for 3 lanes, and 54 feet for4 
lanes. The lowest data on the diagram siow the 
maximum gross loads in pounds for the seciions I 
volved, based on the data for the loadometer stations 
located as shown by the circles on the lowest line. The 
maximum gross loads are shown for 1-day frequency by 
a solid line and for frequency in the number of days 
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-SUMMARY OF PuysicaL CoNDITIONS ON RURAL SECTIONS OF THE TENTATIVELY SELECTED INTERREGIONAL HIGHWAY 


SystEM ARRANGED IN TRAFFIC VOLUME GROUPS. 


“ogy by the number within the circle by a broken 
ine, 

_ '. the diagram are shown the rural mileage, the 
— 7 cage, a mileage scale, the U. S. route number, 
and tic classification of the route into mountainous 
and noi-mountainous. 

0 + jl is a summary of all the physical conditions 
_ le existing mileage of rural sections of the tentative 
err’ O7}71 


The nal System arranged in traffic-volume groups. 
an chart shows that 9.9 percent of the total rural 
eage carries less than 500 vehicles per day, 25.1 
oe, ee between 500 to 999 vehicles per day, 
as horizontal width of the space for showing 
ures within each of the various density groups is 
Proportional to these percentages. 





In the lowest space of the chart the average number 
of vehicles per day for all sections falling within each 
traffic-density group is plotted. Next above this is 
plotted the average width of right-of-way for all sec- 
tions falling within each group. Other conditions are 
shown graphically in the same manner in the other 
spaces. 

On those sections carrying less than 500 vehicles 
per day are found the widest right-of-way, a relatively 
wide pavement, the lowest percentage of concrete or 
brick pavement, the fewest restricted sight distances 
per mile, relatively few excessive grades per mile, the 
fewest excessive curves per mile, and a relatively low 
rate of occurrence of fatal accidents. In sharp con- 
trast are those sections carrying from 1,000 to 1,499 








80 


vehicles per day where there are found a relatively 
narrow right-of-way, the narrowest pavement, slightly 
more than 50 percent of the concrete or brick pave- 
ment, a relatively large number of restricted sight 
distances, the greatest number of excessive grades per 
mile, the greatest number of excessive curves per mile, 
and the most frequent rate of occurrence of fatal 
accidents. 

Many significant relationships are shown in figure 
11. The narrowest right-of-way is found to exist for 
highway sections carrying 2,000 to 2,999 vehicles per 
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day, the narrowest pavement for sections carrying | 
1,000 to 1,499 vehicles per day, the greatest percentage | 


of concrete or brick pavement for sections carrying 


5,000 to 9,999 vehicles per day, the greatest number of | 


restricted sight distances for sections carrying more 
than 10,000 vehicles per day, the greatest number of 
excessive grades per mile for sections carrying 1,000 
to 1,499 vehicles per day (but only slightly more than 
the number occurring on sections carrying more than 
10,000 vehicles per day), the greatest number of exces- 
sive curves per mile for sections carrying 1,000 to 1,499 
vehicles per day, and the greatest number of fatal 
accidents per hundred million vehicle-miles for sections 
carrying 1,000 to 1,499 vehicles per day. The safest 
sections are those carrying more than 10,000 vehicles 
per day. They are by far the most congested, carrying 
340 vehicles per day per foot of width. 
which rank second in safety are those carrying less 
than 500 vehicles per day, or only 18 vehicles per day 
per foot of width. 

Charts of similar form have been prepared for each 
of the 20 longer routes of the system. Their compari- 
son with the summary chart for the entire system indi- 
cates, in general, that routes in the southern part of 
the country are more dangerous than northern routes. 

From available data, it is not possible to compare the 
accident rate on the rural interregional system with that 
for all rural highways. The accident figures shown 
have been expressed in terms of the number of fatal 
accidents per 100 million vehicle-miles of travel on the 
system in 1937. On the rural interregional system 
there were 16.04 fatal accidents per 100 million vehicle- 
miles. It has been estimated that about 1.2 persons 
were killed in each fatal rural highway accident in 1937. 
Assuming that this rate applies to the rural interregional 
system, it implies a death rate of about 19.2 per 100 
million vehicle-miles during 1937. The National Safety 
Council reports that in 1937 there were 15.8 deaths per 
100 million vehicle-miles on all rural roads and urban 
streets. 


PAVEMENT AND RIGHT-OF-WAY WIDTHS INADEQUATE 


Figure 12 is a summary chart showing the accumula- 
tive distribution of right-of-way widths by traffic density 
groups. From it there can be read directly the per- 
centage of the aggregate length of all rural sections 
which carry less than any chosen number of vehicles 
per day and which have right-of-way widths less than 
any chosen width. For example, if it is assumed that 
a right-of-way width of 160 feet is desired for all rural 
sections of the system carrying less than 3,000 vehicles 
per day, the length of the system requiring additional 
right-of-way is shown to be 79.5 percent of the aggregate 
length of all rural sections. 

Similarly, figure 13 shows the cumulative distribution 
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width of 22 feet is desired for all rural sections of the 
system carrying less than 1,000 vehicles per day (this 
is a liberal assumption for those roads that now carry 
less than 600 vehicles per day), the length of the system 
requiring additional pavement width is shown to be 30.1 
percent of the aggregate length of all rural sections. If 
it is assumed that a pa.ement width of 24 feet is desired 
for all rural sections carrying less than 3,000 but more 
than 1,000 vehicles per day, the length requiring addi- 
tional pavement width may be obtained by reading, on 
the vertical bar representing 24 feet, the intercept be- 
tween the lines representing 1,000 and 3,000 vehicles 
per day. The length is shown to be 44.8 percent of the 
aggregate rural length. 

A less direct use of figures 12 and 13 is the determin- 
ation of the deficiency in the area of right-of-way or 
pavement for any desirable width for any traffic volume 
group. The area between the limits of the traffic 
volume group and to the left of the desired width is the 
deficient area which may easily be converted to acres 
or square yards. 

There is no doubt that, as measured by the diagrams, 
unsatisfactory conditions with respect to sight distance, 
curvature, and gradient, are common. There is no 
doubt that present rights-of-way are largely inadequate. 
There seems to be generally a reasonable accord between 
traffic volume and the number of pavement lanes, the 
amount and character of the traffic, and the kind of 
pavement or surface in place, but there is inadequat: 
width of pavement lanes on a considerable mileage, 
usually near cities. These inadequacies are the con- 
comitant of construction operations carried on for more 
than 20 years, during which period top vehicle speeds 
have increased from 30 to well above 60 miles per hour. 
Then, too, when the oldest of the existing pavements 
were built there were only 2 or 3 million motor vehicles 
and there was a strong demand for hard surfaced roads 
to get the traffic through. 

These conditions account for the present need for 
correction of sharp curvature, steep grades, and 
narrow surfaces and rights-of-way by reconstruction or 
by abandonment of such obsolete sections and relocating 
the highway. 

The present need is to bring all of these interregional 
routes gradually up to a higher degree of usefulness by 
the reduction of excessive curvature, the easing of steep 
grades, the opening up of longer sight distances, the 
general widening of pavement lanes and the construc- 
tion of additional lanes, the separation of opposing 
traffic on heavily traveled sections, arrangements for 
the accommodation of slow-moving traffic on steep 
grades, the separation of grades at railroad grade 
crossings and important highway intersections and the 
installation of protective cross traffic controls at others, 
the abatement of dangerous roadside conditions of all 
sorts, relocations for directness of travel between 1 
portant objectives for serving the movements of longe? 
range, and finally, the acquisition of new right-of-way 
of sufficient width to make all of these improvement 
possible. 

During the next 20 years planning technique will be 
greatly improved. The determination of the required 
number of traffic lanes will probably not be determme¢ 
on the basis of traffic density, but on the basis of some 
measures of traffic congestion, which will take 1! 


account the magnitude, duration, and frequency ° 


of pavement widths. If it is assumed that a pavement | occurrence of peak traffic loads, differences in speed ° 
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CUMULATIVE DISTRIBUTION OF LENGTHS OF RURAL SECTIONS OF THE TENTATIVELY SELECTED INTERREGIONAL HiGuH- 


DENSITIES. 
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—CuMmvLative DistRiBuTION oF LENGTHS OF RURAL SECTIONS OF THE TENTATIVELY SELEcTED INTERREGIONAL H1Gu- 


way System Havina Various PAVEMENT WIDTHS AND TRAFFIC DENSITIES. 


ae, ete. Until uses of these measures of 
gestion are perfected, the best basis for classif 


applicable to present available information is 
ensity. 


traffic 
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SECTIONS CLASSIFIED BY DAILY TRAFFIC VOLUME 


For immediate planning purposes, all rural sections 
of the interregional system are classified into six groups 
as follows: 














Group I—Sections carrying less than 1,000 vehicles 


per day. 

Group I1—Sections carrying 1,000 to 1,999 vehicles 
per day. 

Group IlI—Sections carrying 2,000 to 2,999 ve- 


hicles per day. 

Group IV—Sections carrying 3,000 to 4,999 ve- 
hicles per day. 

Group V—Sections carrying 5,000 to 9,999 vehicles 
per day. 

Group VI—Sections carrying 


10,000 or 
vehicles per day. 


more 


Design standards considered in this study of the 
interregional system are shown in table 3, and are based 
on the above classification of rural sections. The 
“present average daily traffic density’’ is considered to 
be the volume of traffic which follows the existing road 
immediately before the improvement is undertaken, 
plus the existing traffic then following other routes 
which would logically be diverted to the interregional 
road if the improvement were made. It does not 
include “generated traffic’”’ which is generally defined as 
that traffic which results from a new desire for travel 
on the part of certain people who would not care to 

erform the same travel in the absence of the improved 
acility. 

Groups I and II (traffic density 0-1,999) contain 
sections which cannot be expected to carry sufficient 
traffic to warrant construction to more than 2 lanes 
during the life of the new surface. The only difference 
in standards for sections in group I and those in group 
II is that a wider right-of-way is specified for the latter 
group. This additional right-of-way is justified by the 
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improved protection to traffic and by the fact that 
high right-of-way costs can be avoided on those sections 
which will become inadequate from the standpoint of 
service in the shortest time, thus placing them in line 
for widening when the new surface must be replaced. 

Practically all of the sections in group III (traflic 
density 2,000—2,999) will be due for construction as 
4-lane divided highways when the life of the new sur- 
face has expired. Some of them will be ready for this 
higher type of construction before that time. The 
same right-of-way widths are specified for this group 
of sections as are specified for sections in group I] 

All of the sections in group IV (traffic density 3,000- 
4,999) are assumed to carry sufficient traffic to warrant 
their construction as 4-lane divided highways. 

Four-lane divided highway construction is also speci- 
fied for sections in group V (traffic density 5,000—9,999), 
but greater cost allowances are provided for the 'attain- 
ment of the desirable standards, and more rigid limits 
are specified for the permissible standards. Many of 
these sections may require widening before the new 
surface needs replacement. 

Sections in group VI (traffic density in excess of 
10,000) are assumed to require special design, usually 
requiring more than a 4-lane divided highway. 

The design standards marked ‘‘desirable”’ in table 3 
apply wherever the average cost per mile for a section 
of any considerable length, exclusive of the costs of 
right-of-way, property damage, large bridges, and rail- 
road and highway grade separation structures, does not 
exceed the amounts shown in column 4 headed ‘‘cost 
limitation, desirable standards.’’ In order to provide 
flexibility in these standards, three subclassifications, 
based on topography of the terrain traversed, are 


TABLE 3.—Interregional highway standards 


Right-of-way width ! 
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| Dollars | Feet | Feet | Feet | Feet | Feet | Feet| Feet Feet | Feet | Feet| Feet, Feet | Feet Degree | Degree | Pt I 
| Relatively level_..._| 30,000 | 200| 100 | 300 100 | 1-22 s 10 8 S - 3 | 3 
I Less than 1,000_|{ Rolling_._..__.__._- | 40.000 | 200| 100 | 300 | 100 | 1-22 4 10 4 8 7 | 3 1 
}(Mountainous.____..| 60,000 200 | 100 300 100 | 1-22 4 10 4 s 10 3 
|{Relatively level.....| 40,000 | 200|7160| 300|7160| 1-24, 8) 10 8 x 3 | 3 
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|(Mountainous.-.___- | | 5 | 3 
| | | 
! Additional right-of-way to be provided where required to accommodate grading. Border control consists of State control of development of strip of la acent W 


the right-of-way for the pare of eliminating objectionable features without necessarily preventing cultivation of arable land. 


2 Number and widt 


of individual 2-lane pavements. Al] multiple parallel 2-lane pavements shall be separated by a median or dividing strip of land 


§ Design of shoulders and median or dividing strips shall be consistent with recommendations contained in A Policy on Highway Types, 1940. 


4 Exclusive of widening for guardrail. 


§ Inside of curves, maintain a uniform distance of 24 feet from centerline of 2-lane highway to toe of cut slope at ditch bottom, except unwidened curves on 
where 22 feet will be permitted. Carry uniform slope from pavement edge to bottom of ditch. Provide comparable widths for 4-lane divided highways. Pr 


foundation and stabilized surface for all shoulders. 
6 Vertical curves are to be designed as specified in the appendix. 


tangents 
a jequate 


7 In relatively level and rolling terrain, 100 feet of this width should run continuously on 1 side of centerline. 


§ Special design. 
* Not specified. 
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introduced, each carrying a specific cost limitation. 
These are designated “relatively level,’ “rolling,” and 
“mountainous.” 

Wherever construction to desirable standards would 
exceed these amounts, the standards to be applied are 
relaxed, but not further than indicated in the columns 
headed “maximum” or “minimum,” except in rare 
instances. 

DESIGN STANDARDS DESCRIBED IN DETAIL 


Right-of-way widths.—The desirable width of right- 
of-way for all rural sections is shown to be 300 feet, 
except where the principles of border control can be 
employed. Border control consists of State control of 
development of a strip of land adjacent to the right- 
of-way for the purpose of eliminating objectionable 
features without necessarily preventing cultivation of 
arable land. Agreements for such control may even 
include an option to buy the adjacent strips at some 
future time. Where border control can be obtained, 
the sum of the right-of-way width and the. controlled 
width should be equal to the right-of-way widths shown 
in the columns headed ‘without border control.” 
It should be noted that for 2-lane highways, the border 
control principle will permit reductions in required 
right-of-way widths to as little as one-third to one-half 
the width otherwise required, and on such highways, 
where old alinements are followed, the additional 
right-of-way width required would often be small. 

Where right-of-way costs are abnormally high and 
border control principles cannot be employed, minimum 
widths are specified, consisting of 200 feet for 2-lane 
highways, and 240 feet for 4-lane divided highways. 

Pavement widths.—Pavement widths are shown to be 
22 feet for traffic densities of less than 1,000 vehicles 
per day, and 24 feet for traffic densities of 1,000 to 
2,999. Divided highways having two roadways each 
24 feet in width are specified for traffic densities of 3,000 
to 9,999 vehicles per day. 

Shoulder and median strip widths.—Shoulder widths 
of 8 feet in cut and 10 feet in fill are generally specified 
as desirable. Minimum requirements permit widths 
of § feet in terrain classified as relatively level, and 4 
feet in terrain classified as rolling or mountainous. 

The design of shoulders and median strips is to be 
consistent with recommendations contained in A Policy 
on Highway Types, published by the American Asso- 
ciation of State Highway Officials. 

Curvature and grades.—Curves of 3 degrees and grades 
of 3 percent are specified as desirable for all topography 


and all groups of highway sections and should control 
the desivn wherever the estimated cost is less than the 
limitations appearing in column 4 of table 3. In 
topography classified as relatively level, no departure 
from ' requirement is permitted, even though the 
Cost should exceed the limitation. For sections carry- 
Ing less than 1,000 vehicles per day and located in 
mountainous country, 10-degree curves and 6-percent 
grades specified. The standards become increas- 
ingly severe for more heavily traveled routes, reaching 
limits 5 degrees and 5 percent for mountainous 
section s carrying more than 5,000 vehicles per day. 
Sight Jistances—The main ‘controllable features of 
the highway which restrict sight distances may be classi- 
fied as cut’ banks on horizontal curves, and hill crests. 
At night, sight distance is also limited by the rate of 
change of the profile elevations in sags, which affects 
the poin ~ which headlamp rays strike the road sur- 
. L 1e 


present time, specifications for lengths of 


Vertical curves in sags are incomplete. 
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The limiting degree of horizontal curvature must 
usually be selected on the basis of a number of economic 
considerations, only one of which is the extent to which 
desirable sight distances can be provided. Once the 
specifications for horizontal alinement and cross sections 
are settled, the sight distances limited by cut banks on 
horizontal curves are fixed. Obviously, no advantage 
to the traveling public can be gained by increasing 
lengths of vertical curves occurring on_ horizontal 
curves beyond those lengths required to provide sight 
distance equal to that afforded by the horizontal curve. 
There is, therefore, no justification for construction ex- 
penditures for this purpose. For sections of the high- 
way located on tangent and short horizontal curves 
where sight distance is not restricted by cut banks but 
by hill crests, vertical curves should be designed as 
described in the Appendix, page 95. 


INTERREGIONAL STANDARDS COMPARED WITH EMERGENCY 


MILITARY STANDARDS 


Highway grade separations are to be designed to con- 
form with the recommendations contained in A Policy 
on Highway Types published by the American Associa- 
tion of State Highway Officials in 1940. For sections 
of the interregional highway carrying less than 3,000 
vehicles per day and designed with two traffic lanes, 
grade separations are specified for all intersecting high- 
ways carrying more than 500 vehicles per day. Grade 
separations are also to be used at all railroad crossings. 
Intersecting roads carrying between 200 and 500 ve- 
hicles per day at the time the interregional improvement 
is constructed will cross at grade employing the design 
principles contained in A Policy on Highway Types 
and A Policy on Intersections at Grade. 

For sections of the interregional system carrying be- 
tween 3,000 and 10,000 vehicles per day and where a 
4-lane divided highway is specified, grade separations 
are specified at all railroad intersections and at all inter- 
secting highways carrying more than 200 vehicles per 
day. Intersecting roads carrying less than 200 ve- 
hicles per day will cross the interregional road at grade 
by means of special designs conforming to the recom- 
mendations contained in A Policy on Highway Types. 
For sections of the interregional system carrying more 
than 10,000 vehicles per day, grade separations are as- 
sumed for all railroad intersections and all intersecting 
highways left open for public use. Minor intersecting 
roads are to be closed to public use unless more than 
200 vehicle-miles per day of additional travel are re- 
quired for existing traffic to use an adjacent grade 
separation structure. 

The foregoing discussion relates entirely to design 
standards for complete modernization of the inter- 
regional system. It will be interesting to compare 
these standards with the standards recently specified 
for emergency conditioning of principal routes of mili- 
tary importance. In these recent emergency standards 
provision is made for strengthening of weak bridges 
having ratings of less than H-15, widening of the nar- 
At bridges having horizontal clearance of less than 

8 feet, increasing the vertical clearances of structures 
now having less than 12}; feet vertical clearance, widen- 
ing pavements having surfaces less than 18 feet wide, 
widening shoulders to 8- or 10-foot widths wherever 
practical and improving surfaces which are not all- 
weather, dustless, or designed in accordance with 


present practice of individual States for repeated appli- 
cation of the 9,000-pound pneumatic wheel load. 
The emergency standards provide for the improve- 
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ment of all weak bridges to withstand H-15 loadings 
in rural areas and H—20 loadings in metropolitan areas. 
They provide for the increase of all vertical clearances 
less than 12% feet to a minimum of 14 feet. Where 
pavement widening is necessary, specified new pave- 
ment widths are 20 feet for sections carrying less than 
600 vehicles per day, 22 feet for sections carrying 1,600 
to 1,799 vehicles per day, and 24 feet for sections carry- 
ing more than 1,800 vehicles per day. Where hori- 
zontal clearances on bridges are less than 18 feet, the 
standards specify their widening to a minimum of 4 
feet in excess of the pavement widths specified, and 
preferably 6 feet in excess of these widths. Where 
horizontal clearances at underpasses are less than 18 
feet, the standards specify their widening to a minimum 
of 30 feet, and preferably to a width equal to the new 
pavement widths specified plus shoulder widths. 

Except in mountainous terrain where heavy grading 
is encountered, the standards specify the widening of 
all shoulders that are now less than 8 feet to a minimum 
width of 8 feet, and preferably to a width of 10 feet, 
wherever widening of shoulders can be undertaken 
economically. Where such widening is financially im- 
practical or where sufficient right-of-way cannot be 
obtained without difficulty, the standards specify as 
a minimum requirement that 8- to 10-foot shoulders 
about 2,000 feet long be provided at 4-mile intervals 
on the same side of the highway. It is recommended 
in the standards that such intermittent shoulders be 
staggered on both sides in order to make emergency 
parking spaces available in one direction or the other 
at 2-mile intervals. 


COST ESTIMATE BASED ON CLASSIFICATION OF SECTIONS IN 
ACCORDANCE WITH 1937 TRAFFIC DENSITY 


For economic development, the improvement of the 
system must extend over a period of many years. Many 
existing sections improved to modern standards pro- 
vide reasonably adequate service. The wisest course 
to follow is to improve each section to the interregional 
standards at the time when it can no longer continue 
to provide reasonably adequate service. On this basis, 
the worst sections will be improved first; therefore, 
sections in low traffic density groups as well as those 
in high traffic density groups will be placed under 
construction during the same year. 

As the traffic density increases from year to year, 
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REGIONS OF 


FIGURE 14.—-CENsUs THE UNITED STArTEs. 
the sections will progress from one traffic density group 
to another. An estimate of cost, therefore, based on 
a classification of sections in accordance with present- 
day traffic densities would be low as compared with 
one which must be developed to represent the actual 
expenditures required over a period of years. Never- 
theless, for planning purposes, an estimate based upon 
traffic density classifications for a selected year has con- 
siderable value in that it can be subdivided by economic 
regions to show the relative cost, by regions (fig. 14), 
of the development proposed. These regional costs 
can be compared with various economic indices to test 
the soundness of the proposal, and particularly the 
distribution of the proposed work among the various 
regions, 

The cost of improving the rural sections of the 
interregional system to the design standards recom- 
mended, based upon a classification of sections in ac- 
cordance with 1937 traffic densities, is shown in table 
4. Grouped together are all rural sections in each 
geographic division for which the same number of 
traffic lanes are recommended. The estimated length 
of 2-lane sections is 21,237.3 miles, and the estimated 
construction cost is $1,149,404,000, or $54,100 per mile. 
The estimated length of 4-lane sections is 4,048.3 miles, 
and the estimated construction cost is $741,447,000, 
or $183,100 per mile. The estimated length of sections 
requiring special designs with more than 4 lanes 33 
268.6 miles, and the estimated construction cost 18 
$117,887,000, or $438,900 per mile. Right-of-way 


TABLE 4.—Estimated cost of improving rural sections of the interregional system 
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TABLE 5.—Estimated cost of improving urban sections of the interregional system 
| | : 4 15 percent al- 
| eee ti | Estimate lowance for | 25 percent al- 
Geographic division Length | uaen ue construction | engineering | lowance for Total cost — _— 
r } cost and contin- right-of-way _ 
| gencies 
= _ — a me | = —| = 
Miles 1,000 dollars | 1,000 dollars 1,000 dollars 1,000 dollars 1,000 dollars 1,000 dollars 
New England. .-.-.---- 227.0 | 807 183, 18' 27, 478 45, 797 256, 464 1, 130 
Middle Atlantic-- ‘ 407.1 1, 052 | 428, 269 64, 240 107, 067 599, 57 1, 473 
East North Central__.__- 628. 4 537 | 337, 451 50, 618 84, 363 472, 432 752 
West North Central.. | 452.5 | 385 174, 212 26, 132 43, 553 243, 897 539 
South Atlantic. .._..- 549.9 | 385 | 211, 712 31, 757 52, 928 296, 397 539 
East South Central__. 320.9 | 365 117, 128 17, 569 29, 282 163, 979 511 
West South Central... 437.6 | 319 | 139, 594 20, 939 34, 898 195, 431 447 
Mountain..........-. | 371. 5 | 275 | 102, 162 15, 324 | 25, 541 143, 027 385 
Pacific... ae = =-- 381.6 548 | 209, 117 31, 368 | 52, 27: 292, 764 767 
re ono cscs cnc ekececedownnses sheen | 3, 776. 5 | 504 1, 902, 834 285, 425 475, 708 | 2, 663, 967 705 








costs for rural sections are estimated to be 7.5 percent 
of the construction costs, and an allowance for engi- 
neering and contingencies equal to 15 percent of the 
construction cost is made. 

The estimated cost of improving urban sections is 
shown in table 5. There are 3,776.5 miles of urban 
sections, representing 12.9 percent of the total length 
of the system The estimated construction cost is 
$1,902,834,000, or $503,900 per mile. Right-of-way 
costs are estimated to be 25 percent of this amount, 
and a further allowance of 15 percent of the construc- 
tion cost is made for engineering and contingencies. 

The estimated costs of urban sections are not suffi- 
cient to permit construction to theoretically ideal 
standards, but they are thought to be reasonable esti- 
mates of probable costs which would result from a 
general program aimed toward providing facilities as 
nearly approaching the ideal standards as practical, 
after reasonable compromises had been made. As one 
test of the consistency of the estimates for individual 
cities, the costs were reduced to a per capita basis. 
The estimates showed that per capita costs in large 
cities were lower than those in small cities. That this 
should be so is obvious when it is considered that the 
service rendered to a city by merely projecting the 
routes of the interregional system through it varies 
inversely with the population. This condition implies 
that attention should be directed to the need for ex- 
tensive city development, which can be accomplished 
only in small = by the construction of the transcity 
connections of the interregional system. It emphasizes 
the fact that the larger the area of local congestion, 
the less is the amount of relief to be obtained merely 
by development of the system. 

Even though the urban cost, including an allowance 
for right-of-way, exceeds the rural cost, this urban 
cost is estimated to be only about one-fifth of the 
expenditure which must be made to modernize com- 
pletely all the main connecting thoroughfares in the 
cities traversed. Unless these additional and greater 
expenditures are made, the investment in the inter- 
regional route is threatened by the rapid obsolescence 
of urbon portions of improved interregional routes which 
may be anticipated as a result of their attracting a dis- 
proportionately large share of traffic. This would prob- 
ably lead to the outward development of the city further 
than would prove most economical to its interests. 

nly by construction of comparable facilities in other 
directions can the economic growth of cities, and the 
Success of the interregional system itself, be assured. 

In sharp contrast to the cost estimates for the im- 
Provement of the interregional system to recommended 


Standards is the cost estimate for its improvement to 
318311—41—_3 


the standards recently specified for the emergency 
improvement of principal routes of military importance. 
Table 6 shows that the estimated cost of improving 
rural sections to recommended standards is about six 
times the cost of improvement to emergency standards. 
Although a cost estimate on the latter basis was not 
prepared for urban sections, it would not seem unrea- 
sonable to assume that the same relationship would 
exist between estimates prepared for the urban sections 
as is shown for the rural sections. 


DISTRIBUTION OF SYSTEM COMPARED WITH VARIOUS ECONOMIC 
INDICES 


The report Toll Roads and Free Roads suggests 
that the routes of the system be selected “without 
specific limitation in each State.”’ Although the sys- 
tem described in this paper was selected on the basis 
of present traffic service to population concentrations 
and with particular reference to interregional coverage, 
it may be well to present certain economic facts and 
see how the selected tentative system measures up 
to these facts. 


TABLE 6.—A comparison of the estimated cost of emergency work 
with the estimated cost of improvement to recommended long-range 
standards for rural sections of the interregional system 























Estimated construction 
cost of improving inter- 
regional system oe of cost 
of emergency 
Geographic di a | work to the 
reograpnic alvision o rura = Using stand- cost based on 
sections | Using recom- ards recom- long-range 
, mended mended for | standards 
ong-range | emergency 
standards work 
Miles | 1,000 dollars | 1,000 dollars Percent 
New England_--.-- 1, 069. 7 143, 715 21, 799 15.2 
Middle Atlantic - - 1, 185. 2 271, 106 18, 548 6.8 
East North Central 2, 797.3 | 250, 772 25, 690 10.2 
West North Central 3, 754.3 212, 148 52, 206 24.6 
South Atlantic_------ 3, 029. 2 | 237, 901 57,170 24.0 
East South Central _-- 2,002.0 | 114, 408 33, 220 29.0 
West South Central_- 3, 445.0 206, 056 54, 351 26. 4 
Plountem.......... 5, 709. 9 297, 364 66, 116 22.2 
Pacific 2, 561.6 275, 268 36, 557 13.3 
United States_.-...-.- 25, 554. 2 2, 008, 738 18.2 


365, 657 | 





Table 7 shows the population, area, national wealth, 
national income, cash farm income, value of manu- 
factures, and value of mineral production, distributed 
by geographic divisions. Table 8 shows these same 
values expressed in terms of the percentage falling in 
each of the geographic divisions. Columns are in- 
cluded showing the portion of the length and the cost 
of the interregional system within each geographic 
division. The distribution is made on the basis of the 





rural sections, the urban sections, and also on the 
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TABLE 7.—WSelected economic data by geographic divisions 


Talue « 
National Value of 





: National Cash farm Value of . 
a . divici Population Area coe | "Abang peolinocl manufactures mineral 
Geographic division 1940 1 1930 2 bo my a — | — ou production 
Square miles 1,009 dollars | 1,000 dollars 1,000 dollars 1,900 dollars | 1,000 dollar 
New England-.--.- 8, 426, 566 | 61, 976 22, 615, 000 | 5, 459, 000 246, 500 5, 109, 927 24, 757 
Middle Atlantic. -_- 27, 419, 893 | 100, 000 87, 613, 000 | 19, 209, 000 672, 600 16, 596, 004 708, 951 
East North Central 26, 550, 823 245, 564 fi4, 841, 000 15, 978, 000 1, 540, 900 | 19, 971, 022 453, 74. 
West North Central_- 13, 490, 492 | 510, 804 29, 341, 000 | 6, 071, 000 1, 841, 000 | 4,091, 727 417, 055 
South Atlantic. -- 17, 771, 099 | 269, 073 27, 049, 000 6, 979, 000 789, 600 | 5, 403, 450 406), O84 
East South Central 10, 762, 967 179, 509 11, 479, 000 2, 858, 000 471, 800 | 1, 977, 318 2H). A58 
West South Central 13, 052, 218 | 429, 746 17, 363, 000 4, 569, 000 847, 200 2, 693, 027 1, 388, 4 
Mountain -___- 4, 128, 042 | 859, 009 10, 663, 000 1, 974, 000 506, 300 928, 951 543, 091 
I Ginak en Gare cadincumess< dah owbaataees 9, 682, 781 318, 095 23, 517, 000 | 6, 322, 000 795, 100 3, 938, 627 ALO, 243 
United States___- alla 131, 409, 881 | 2, 973, 776 294, 481, 000 69, 419, 000 7, 711, 000 


1 Preliminary figures issued by the United States Bureau of the Census, total inclu 
2 Figures issued by the United States Bureau of the Census. 

3 National Industrial Conference Board Studies in Enterprise and Social Progress, 
4 Crops and Markets, January 1940. 

5 United States Department of Commerce, report dated Jan. 31, 1940. 

6 Minerals Yearbook, 1939, p. 9. 





60, 710, 053 | 41, 672, 996 
' ' 


des 125,000 undistributed. 


pp. 62, 117. 


TABLE 8.—Geographical distribution of the length and estimated cost of the interregional system in relation to various economic indices 


Length of interregional | Estimated cost of inter- | Estimat 
Value system regional system ed cost of 
: : . Value of improv 
Popu- | arog ~— —— — of (mineral ing rural 
Geographic division lation | joan es rocco come | Manu. | produc- ; sections 
1940 | 1900 ° \s “yy ton7 ° "1080 ¢ factures; tion Rural | Urban All Rural | Urban All lof systen 
IO ° — ” 1937 4 1937 ¢ sec- sec- sec- sec- see- see- to ‘emer 
tions tions tions tions tions tions gency 
standards 
Percent Percent Percent |Percent Percent Percent Percent Percent Percent Percent Percent Percent |Percent = Percent 
New England__. 6.4 2 7.7 7.9 3.2 8.4 0.6 2 6.0 4.4 7.1 9.6 8.5 
Middle Atlantic 20.9 3.4 29.7 27.7 8.7 27.3 15.2 4.6 10.8 5.4 13.5 22. 5 18. 2 
East North Central 20. 2 8.2 22.0] 23.0 20.0 32.9 9.7 11.0 16.6 W.7 | 12.5 17.7 15, 2 7 
West North Central-__-- hos 10.3 17.2 10.0 | 8.7 23.9 6.8 8.9 14.7 12.0 14.4 10.6 9.2 9.8 4 
South Atlantic. -_- ; 13.5 9.0 9.2 10.1 10. 2 8.9 S:7 11.9 14.6 12.2 11.8 11.1 11.5 : 
East South Central_- —_ 8.2 6.0 3.9 4.1 6.1 3.3 4.7 7.8 8.5 7.9 &.7 6.2 5.9 ’ 
West South Central__- ; 9.9 14.5 5.9 6.6 11.0 1.4 29. 7 13.5 11. 13. 2 10.3 7.3 8.7 { 
Mountain - --- ; 3.2 8. 9 3.6 2.8 6.6 15 11.6 22. 3 9.8 20.7 14.8 5.4 9.9 Is 
Pacific. : ‘ 7.4 10.7 8.0 9.1 10.3 6.5 10.9 10.0 10.1 10.1 13.7 11.0 12.3 
United States___- 100.0 | 100.0 | 100.0} 100.0} 100.0) 1000} 100.0; 100.0) 100.0) 100.0! 100.0] 100.0} 100.0 1x 
1 Preliminary figures issued by the United States Bureau of the Census. 
2 Figures issued by the United States Bureau of the Census. 
3 National Industrial Conference Board Studies in Enterprise and Social Progress, pp, 62, 117 


4 Crops and Markets, January 1940. 
5 United States Department of Commerce, report dated Jan. 31, 1940. 
6 Minerals Yearbook, 1939, p. 9. 


basis of the rural and urban sections combined. For | 
purposes of comparing the cost of the work that would | 
be done in each region following the long-range recom- 
mended standards with the cost of the work that would | 
be done following the emergency standards, the column 
on the extreme right has also been added which shows 
the distribution of the costs of the emergency work. 
Figure 15 shows this same comparison graphically. 
To the left of the group of plotted values for each 
geographic division, the general economic indices are 
grouped. The value plotted to the extreme left is the 
percentage of the United States population that falls 
within the geographic division; next is the percentage of 
the area; third, the percentage of the national wealth; 
fourth, the percentage of the national income; fifth, the 
percentage of the national cash farm income; sixth, the 
percentage of the national value of manufactures, and 
finally, the percentage of the national value of mineral 
production. The next group of plotted values shows 
the percentage of the length of the interregional system 
falling within the geographic division. In this group, 
the value to the left represents the percentage of the 
length of all rural sections, and the one on the right 
represents the percentage of the total length including 
both rural and urban sections, and the mid-section 
represents the percentage of all urban sections. The 
third group of plottings shows the percentage of the 


the geographic division. The value to the left shows 
the percentage of the cost of all rural sections, and one 
on the right shows the percentage of the total cost in- 
cluding both rural and urban sections. The single 
value plotted on the extreme right for each geographic 
division represents the percentage of the estimated total 
cost of improvement of rural sections to emergency 
standards. 

It will be noted that the distribution of mileage does 
not always compare favorably with the various eco- 
nomic indices. However, the distribution of costs of 
construction to long-range standards in all such cases 
tends to correct this condition. The level of the plotted 
values for rural costs alone is usually nearer the level of 
the economic indices, and the level of the plotted values 
for total costs is still nearer. The conclusion may be 
drawn that the system selected on the basis of present 
traffic service to population concentrations is well dis 
tributed on a general economic basis. 

The levels of the plotted values representing the pe 
centage distribution of the estimated cost of improve- 
ment of rural sections to emergency standards, when 
compared with the levels of the economic indices, }§ 
not so favorable. This is caused by the fact that ™ 
working to emergency standards, the same degree ° 
improved service cannot be afforded throughout the 
country. Only the worst conditions can be remedied. 





estimated cost of the interregional system falling within 


Table 9 shows the distribution to geographic divisions 
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figures by geographic divisions 
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Mileage of 
urban streets 


Motor-vehicle 


Mileage i i 
Mileage of registrations 


State highway 











and alleys ? and alleys | 1939 3 Income 1939 ¢ 

Miles | Miles | Miles Vehicles 1,000 dollars 
82, 364 | 14, 591 | 96, 955 1, 944, 510 91, 450 
187, 494 | 47, 802 | 235, 296 5, 813, 487 187, 911 
438, 311 67,033 505, 344 7, 078. 336 195, 464 
765, 604 | 49, 706 815, 310 3, 862, 461 115, 000 
333, 472 33, 288 366, 760 3, 274, 027 185, 365 
238, 832 | 16, 758 | 255, 590 1, 458, 731 94, 041 
380, 273 | 34, 128 414, 401 2, 800, 053 118, 104 
333, 050 | 14, 178 347, 228 1, 210, 838 66, 260 
194, 967 26, 336 221; 303 3, 565, 177 90, 469 
2, 954, 367 | 303, 820 3,258,187 | 31, 007, 620 1, 144, 064 
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TABLE 10.—Geographical distribution of the length and estimated cost of the interregional system in relation to various highway factor 




















| | | | 
| Length of interregional | Estimated cost of inter- E 
| system regional system mated 
" acga| Total | = Se: a ential a 
| oe Mileage oe ng mileage} Motor-| State | improv 
aes ’ r appor- | of rural] urban S ee Se | ce 
Geographic division tion- high- | streets roads, regis- | way | } | sections 
ments | ways!| and = ty “ieee ¢ | Rural | Urban| All | Rural | Urban] All - . x: 
| 1941 alleys ? 2 : “e"' |sections/sections|sections|sections|sections|sections| “? | ©'er 
| alleys j } | gency 
| | | stand- 
| | | | ard 
ee oe ee. a aan = > a | is ~ | Pana ad | ee 4 | % Be pow 
| Percent Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Pe reent | Percent 
New England-.---_.__- ; } 4.6 2.8 4.8 | 3.0 6.3 8.0 | 4.2 | 6.0 4.4 (Ag 9.6 | 8.5 5 
Middle Atlantic___._- i 3 ‘ | 11. 5 6. 3 15. : =o 38. 7 16. 4 | 4. : | 10 8 5. 4 13. 5 | 22. 5 | 18 2 5 
Ee... ccenuenseatobatakiniaeeena ee 16. 4 14.8 22. ( 15.5 22.8 17.1 11.0 16.6 11.7 12.5 17.7} 15.2 7, ¢ 
West North Central___. 16.5 25.9 16.4 25.0 12.5 10.1 14.7 12.0 14.4 10.6 9.2 | 9.8 14.3 
South Atlantic... _. i EE Sor ans : ok - 11.3 11.0 11.3 10. 6 16. 2 11.9 14.6 12.2 11.8 Bi] 68S 15. 
East South Central._..._. a Oe! 7.9 8.1 5.5 7.8 4.7 8.2 7.8 8.5 7.9 5.7 6,2 | 5.9 9.1 
West South Central --_-- oe suk nel | 120 12.9 11.2 12.7 9.0 10. 3 13. 5 11.6] 13.2 10.3 7.3] &7 14.9 
tain. odcnined-bdccieasbnaciawninirensunewila } a2} m3{ 47] 107 3.9] 58] 223] 98] m7] 148 5.4] 9.9 18.1 
Rates e rite lds Stina ts bandcdcatercnnctiwwaeiasees at 6.6 8.7 6.8) 11.5 7.9} 10.0] 10.1] 10.1 13.7] 11.0] 123 0 
UNS conic sca co husbandt nies abadecvcudeks | 100.0 | 100.0} 100.0} 100.0 100.0 | 100.0] 100.0 100.0 | 100.0 | 100.0} 100.0 100.0 100, 
| | 





























1 Figures compiled in January 1941 by Public Roads Administration and based on latest inventory data or estimates furnished by the State-wide Highway Planning 


Surveys. 


1 Estimates compiled in January 1941 by Public Roads Administration from fiscal data collected by the State-wide Highway Planning Surveys. 


3 Figures include publicly owned, private, and commercial motor vehicles. 
owned and not registered in any State, compiled from reports of State authorities. 


Figures do not include trailers, semitrailers, motorcycles, or 2,250 motor vehicles publicly 


4 Figures include transactions relating to debt service, operations of special bridge and grade separation authorities, expenditures of local authorities on State highways 


and similar transactions. 


of highway factors. These items include the 1941 
Federal-aid apportionments, the total rural highway 
mileage, the mileage of urban streets and alleys, the 
total mileage of roads, streets, and alleys, the 1939 
motor vehicle registrations, and the State highway de- 
partments’ income in 1939. In table 10 these items are 
expressed in terms of the percentage which falls in each 
geographic division, and are compared with the por- 
tions of the length and the cost of the interregional 
system falling within each division. Figure 16 shows 
these same relationships graphically. 


BOTH FREIGHT AND PASSENGER VEHICLES MAKE EXTENSIVE USE 
OF SYSTEM 


Freight vehicles.—Close estimates of the use of the 
rural interregional highways by commercial freight 
vehicles and the tonnage hauled may be obtained for 
each State from the average daily commercial traffic 
per mile, the mileage of the system, the average load 
carried by commercial vehicles, and the percentage of 
total commercial vehicles that were loaded. All of 
these data are produced by the highway planning 
surveys. 

Table 11 shows the mileage of rural interregional 
highways and the average daily ton-mileage of goods 
carried by commercia] vehicles for each region. The 
commercial vehicle-mileage of loaded vehicles by States 
multiplied by average carried load is the basis of these 
estimates. 

The relative use of rural interregional highways 
varies widely between regions of the country. In the 
Mountain Region average daily ton-miles per mile of 
highway are 314, as compared with 840 ton-miles per 
mile for the country as a whole. Vehicle loadings in 
the Mountain Region are not below average, but the 
number of commerical vehicles per mile is lower than 
in any other region. 

In the West South Central Region (Arkansas, 
Louisiana, Oklahoma, and Texas) the average vehicle 
load is less than in the Mountain Region, but because 
the average number of commerical vehicles using the 
highways in the West South Central Region is higher, 
the average daily ton-miles per mile fo Taner than in 
the Mountain Region. 





Ton-miles per mile are greatest in the East North 
Central Region (Ohio, Indiana, Illinois, Michigan, and 
Wisconsin). In this region the average number of 
commercial vehicles is high, and the average carried 
load per vehicle exceeds that in any other region. 


TABLE 11.—Estimated average daily ton-miles and ton-miles pur 
mile on the tentative rural interregional system in 1938 


Average Daily ton- 
Geographic division Miles daily ton- | miles per 
miles mile 
New England 1,070 1, 300, 595 1, 215 
Middle Atlantic 1, 185 1, 502, 850 1, 268 
East North Central 2,797 | 4,232,944 1,5 
West North Central 3,754 | 2,534, 761 675 
South Atlantic 3,029 | 3, 696, 614 1, 22 
East South Central 2,002 1, 459, 229 7B 
West South Central 3,445 | 2,004, 491 ‘ 
Mountain 5, 710 1, 794, 613 14 
Pacific 2, 562 2, 930, 045 1,14 
United States 25, 554 | 21, 456, 142 Sf 


The average daily ton-miles for the country carried 
by motor vehicles on the tentative rural interregional 
system totals 21,456,000; on an annual basis the system 
is estimated to carry 7,831,000,000 ton-miles. ‘Total 
truck ton-miles of carried load for all rural highways, 
exclusive of purely local haulage, are estimated at 
approximately 57 billion in 1939.2 Thus, the rural 
interregional highway system, comprising 25,554 miles 
or less than 1 percent of the rural highway mileage of 
the United States, carries approximately 14 percent o! 
the total truck ton-miles of carried load generated upon 
all rural highways. 

Passenger cars.—Estimates of the use of the rural 
interregional highways by passenger cars are o! tained 
from the highway planning surveys. These data are 
presented in table 12, together with a compilation of the 
passenger-car miles per mile. 

As in the case of freight vehicles, the use of the tenta- 
tive rural interregional system by passenger cars varies 
widely by regions; in fact, the variation between regions 
is much wider than in the case of freight vehic'es. 4” 
the South Atlantic Region, for example, ‘reight 


1 Estimated from data furnished by the highway planning surveys. 
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ITEM 3 = PERCENTAGE OF TOTAL MILEAGE OF URBAN STREETS AND ALLEYS ITEM 9 = PERCENTAGE OF INTERREGIONAL SYSTEM TOTAL MILEAGE 

ITEM 4 = PERCENTAGE OF TOTAL MILEAGE OF ROADS, STREETS AND ALLEYS Ge + Penentiet oF ere Cues we 

ITEM 5 = PERCENTAGE OF TOTAL MOTOR-VEHICLE REGISTRATION a a « see ~ 

\TEM 6 = PERCENTAGE OF STATE HIGHWAY INCOMES ERCENTAGE OF INTERREGIONAL SYSTEM URBAN COSTS 
ITEM 12 = PERCENTAGE OF INTERREGIONAL SYSTEM TOTAL COSTS 
ITEM 13 © PERCENTAGE OF COST OF IMPROVING RURAL SECTIONS OF’ 


INTERREGIONAL SYSTEM (EMERGENCY STANDARDS) 


Ficure 16.—GEOGRAPHICAL DISTRIBUTION OF THE LENGTH AND EsTIMATED Cost OF THE TENTATIVELY SELECTED INTERREGIONAL 
Higoway System IN RELATION TO THE GEOGRAPHICAL DIsTRIBUTION OF VARIOUS HiGHWay Factors. 


vehicle use per mile of the interregional system is 45 per- 

cent more than the average for the United States, while 

passenger-car use per mile in the South Atlantic Region 

a 13 percent more than the average for the United 
ates 

Again, in the Middle Atlantic Region the passenger- 
car use per mile exceeds the average for the Nation by 
154 percent, while freight-vehicle use per mile exceeds 
the average for the Nation by but 51 percent. 

Thus, the road use by freight vehicles, although the 
range is considerable, tends to be much more uniformly 
distributed by regions than is the case in passenger- 
car use, 

Total passenger-car miles in 1938 for all rural roads 
im the United States, derived from the road-use surveys, 
are estimated at 146 billion. Passenger-car use of the 
interregional system, from table 12, is 14,948 million 





passenger-car miles, or approximately 10 percent of 
passenger-car use of all rural roads of the country. 
TABLE 12.—JZstimated average daily passenger-car miles and 


passenger-car miles per mile on the tentative rural interregional 
highway system in 1938 


























| Average Passen 
She - nger- 
Geographic division Miles daily passen- car miles per 
ger-car mile! 
miles 
New England...............- er eee | 1,07 3, 024, 787 2, 827 
OE Te a aa ETS | 1,185 4, 833, 445 4.079 
OO" ear 2. 797 5, 655, 758 2, 022 
West Naren Contal........................ | 3,754 4. 594, 484 1, 224 
RII ob psandesausancaes | 3,029 5, 485, 726 1,811 
SG I CI oe nkidcn cic vhnhaeoeanwn | 2, 002 2, 461, 87 1, 230 
West South Comtral.....<...........-.0c005 | 8,445 4, 844, 882 1, 406 
EES EE EE | 65,710 4, 073, 109 713 
| Sage ne eli aE aE | 2,562 5,979, 161 2, 334 
United States___.. Oe eee | 25,554 | 40,953, 228 1, 603 





1 Does not include busses. Variation in bus loading and the fact that busses are 


less than 1 percent of all vehicles make estimates of bus-miles impractical. 
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TABLE 13.—Motor-vehicle taxes and other highway-user costs, 1934-89 ' 








| | 7 
| Federal | | 
Net total ~ ee | Motor- | excise taxes | Bridge and | } 
Year motor-fuel Pare Teta | carrier tax | paid by tunnel | Ferry tolls*/ Total 
tax receipts ? receipts 3 | feceipts‘ | highway tolls ¢ | 
i 
users 


‘i ‘. | P | 
| 1,000 dollars | 1,000 dollars | 1,000 dollars | 1,000 dollars | 1,000 dollars | 1,000 dollars | 1,000 doi 





1934__.. —_ ; , Seiiantlen ansaid é 566, 642 | 307, 260 | 9, 402 235, 743 | 46, 693 15, 151 1, 180, 84] 
1935... ‘ : aS he : 619, 677 | 322, 974 | 12, 421 256, 671 49, 375 16, 021 | 1, 277, 139 
SRE : SETS HONS at €91, 420 359, 783 | 15, 137 | 7, 142 | 53, 600 17, 392 1, 174 
Ae See aa cag 761, 998 399, 613 16, 216 326, 515 57, 082 18, 522 1, 579, 94¢ 
LER ee ers Fekigcen seniors f 771, 764 | 388, 825 16, 421 7, 959 | 57, 424 18, 633 1, 521, 02 
er ees ane an cr pats 821, 656 | 412, 494 | 18, 055 , 373 60, 621 19, 670 | 1, ¢ 819 





1 Compiled by Public Roads Administration. 

2 Figures include distributors’ and dealers’ licenses, inspection fees, fines and penalties, and other similar miscellaneous receipts. 

3 Figures include motor-vehicle registration fees, dealers’ license plates, operators’ and chauffeurs’ permits, certificates of title, special titling taxes, fines and penalties, t 
fers or registration fees, and other similar miscellaneous receipts. 

4 Figures include receipts from gross receipt taxes; mileage, ton-mile and passenger-mile taxes; weight, capacity or flat-rate taxes, certificate or permit fees, caravan taxes, 
and other similar miscellaneous receipts. 

5 Figures include the estimated portion of taxes on gasoline paid by highway users (90.5 percent), the estimated portion of taxes on lubricating oil paid by highway 
users (58.0 percent) and the taxes collected on tires, tubes, automobiles, motore ycles, trucks, parts, and accessories 

6 Figures compiled for year of 1937 and estimates for previous and later years made on the basis of the relative values of gasoline consumption and motor-vehicle registration 
for these years. 

7 Totals do not include road tolls, municipal or county fees or licenses applicable to motor vehicles, or personal property taxes on motor vehicles. Reliable estimates of t hese 
figures were not available. 


TABLE 14.—Percentage of motor-vehicle tares and other highway user costs for 1934 to 1989 from each source ! 





Net total Motor- Motor- wane Bridge and 
, . : vehicle reg- 7 “a ian ‘ Total 
Year motor-fuel katentinn carrier tax paid by tunnel | Ferry tolls * Tota 
tax receipts ? sain saa! receipts 4 highway | tolls ¢ 
receipts oh | | 
users | 
- — ue a? aries 
| Percent Percent Pereent Percent | Percent Percent Percent 
‘ ‘ 48.0 26. 0 0.8 20.0 0 1.2 in 
I sais ocicat Ldtiteneisseauae 48.5 25.3 1.0 20.0 3.9 | 1.3 On 
es sai tied le ehestgaeila as ocarapa tae ‘ 48.2 25. 1 Ao 20.7 | 3.7 | Eh 0”). 
as Wi aes TES ‘ 48.2 25. 3 1.0} 20.7 | 3.6 1.2 i 
ar ivtiinee ans 50. 7 25. 6 mg 17.6 | 3.8 1.2 | Of 
EA ee Sevudanes icocas 49.7 24.9 1.1 | 19.4 3.7 | 1.2 | 100 
Average.............- tee Res Sa ee ods Pee) 49.0 25.3 1.0 19.7 | 3.8 | 1.2 | ”) 





1 Compiled by Public Roads Administration. 

2 Figures include distributors’ and dealers’ licenses, inspection fees, fines, and penalties, and other similar miscellaneous receipts. 

3 Figures include motor-vehicle registration fees, dealers’ license plates, operators’ and chauffeurs’ permits, certificates of title, special titling taxes, fines and penalties, trans- 
fers or registration fees, and other similar miscellaneous receipts. 

4 Figures include receipts from gross receipt taxes; mileage, ton-mile and passenger-mile taxes; weight, capacity or flat-rate taxes; certificate or permit fees; caravan taxes 
and other similar miscellaneous receipts. 

6 Figures include the estimated portion of taxes on gasoline paid by highway users (90.5 percent), the estimated portion of taxes on lubricating oil paid by highway users 
(58.0 percent) and the taxes collected on tires, tubes, automobiles, motorcycles, truck, parts, and ac cessories. 

¢ Figures compiled for year of 1937 and estimates for previous and later years made on the basis of the relative values of gasoline consumption and motor-vehicle registr- 

tion for these years. 

? Totals do not include road tolls, municipal or county fees or licenses applicable to motor vehicles, or personal property taxes on motor vehicles. Reliable estimates of these 
figures were not available. 


MOTOR-VEHICLE TAXES AMOUNT TO 0.582 CENTS PER VEHICLE- 


nl sents a weighted average of gasoline consumption by 


all kinds of motor vehicles used on city streets and on 
highways. 

From table 14 it is shown that the average of the 
gasoline tax during the 6 years, 1934-39, constituted 
49.0 percent of all motor-vehicle taxes for those years. 





A highway, like an automobile, earns nothing except 
when used for transportation service. The more the 
road is used, the greater are its earnings. These earn- 
ings come from various highway-user charges, the more 
important of which are the motor-fuel taxes, registra- | The Public Roads Administration has also calculated 
tion fees, and Federal excise taxes. Motor-carrier taxes | that the weighted average State gasoline tax for the 
and tolls comprise a small portion of the cost of oper- | country in 1939 was 3.96 cents per gallon. On this 
ating motor vehicles over the highways. Tables 13 and | basis the total motor-vehicle taxes collected on a motor 
14 show these data for the years 1934 to 1939, inclusive. | vehicle while consuming 1 gallon of gasoline amount to 

While the data contained in these two tables are | 8.08 cents. By dividing the total taxes collected 7 a 
useful for the country as a whole, there is no published | motor vehicle while consuming 1 gallon of gasoline by 
information showing the earning power of individual | the total distance traveled, the total tax burden on a 
roads. Such information must be calculated from | motor vehicle per mile is obtained. This amounts to 
various data such as the vehicle-miles of travel on the | 0.582 cent. 


road, gallons of gasoline consumed, the rate of gasoline Table 15 shows the annual earnings of rural se: tions 
taxes, and the relation between gasoline taxes and other | of the tentative interregional system grouped ac- 
motor-vehicle taxes. cordance with geographic divisions and 1937 ‘raffic 


_ The Public Roads Administration has estimated that | densities, based upon this rate of 0.582 cent por ve 
in 1939 there was a total of 287,747.5 million vehicle- | hicle-mile. A more detailed study of tax rat s by 


miles of travel by all kinds of motor vehicles, and that | regions would make possible some refinement of the 
the gasoline consumed amounted to 22,685,056,000 | regional earnings. 
gallons, of which motor vehicles utilized 91.40 percent, The earnings have been —— to a per mile | asis 


or 20,735,120,000 gallons. On this basis a motor ve- | order to compare later the annual cost of each s:ction 
hicle traveled on the average 13.88 miles while con- | with its earning capacity. 
suming 1 gallon of gasoline. This mileage figure repre- The annual earnings during the lifetime of 1 1m 
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TABLE 15. 


-Approximate earnings! of rural sections 
I J 





Sections carrying less than 3,000 
vehicles per day 





Geographic division Annualearnings 


Lh ; Daily 
Length | traffic | we Length traffic 
Total | mile 
1,000 1,000 
vehicle- | 1,000 vehicle- 
Miles miles | dollars | Dollars| Miles miles 
New England_..--- 662. 2 690 | 1,466 | 2,210 | 337.2) 2,038 | 
Middle Atlantic. -- 383.0 808 | 1,716 | 4,480 | 699.6 | 3,682 
East North Central 2, 072.8 3,915 | 8,317 4,010 720.4 | 3,193 
West North Central 3,516.6 | 4,761 | 10,114 | 2,880 | 233.4 1, 047 
South Atlantic .-| 2,442.3 | 3,848 | 8,174] 3,350] 541.7] 2,579 
East South Central_- 1,873.1 | 2,729 | 5,797 | 3,090 | 128.9 541 | 
West South Central... 3, 035. 6 4,489 | 9,536 | 3,140 | 403.2 1, 667 
Mountain-- 5, 566. 9 4,494 | 9,547 1,710 143.0 600 
Pacific ae 1,684.8 | 2,334 4,958 | 2,940 | 840.9) 4,344 
United States. - - ...-- 21, 237.3 | 28,068 | 59, 625 2,810 4, 4, 048.: 3 | 19, 691 
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of the interregional aegnee ay system for the year 1937 


Sections carrying more than 3,000 
vehicles but less than 10,000 ve- 
hicles per day 





Sections carrying 10,000 or more | : 
é Ss 8 
vehicles per day All section 


| 





| 








Annual earnings Annual earnings | Annual earnings 

~ ‘ = lis tiadiniiieecatas | | oak ™ | 
Length Daily Length | Daily 
. traffic > traffic > 
Total | Per Total | Per | Total | Per 
: mile mile | mile 

1,000 1,000 | 

1,000 vehicle- | 1,000 vehicle- | 1, 


} 


dollars | Dollars; Miles | miles | dollars | Dollars| Miles | miles | dollars | Dollars 











4,329 | 12,840 70.3 1,103 2, 343 | 33,330 | 1,069.7 | 831 | 8,138 7,610 
7/322 | 11,180 | 102.6 | 1,205! 2.560 | 24,950 | 1,185.2 | 5,695 | 12,098 | 10,210 
6,783 | 9,420 4.1 45 96 | 23,410 | 2,797.3 | 7,153 | 15,196 5, 430 
2,224 |} 9,530 4.3 53 113 | 26,280 | 3,754.3 | 5,861 | 12,451 3, 320 
5,479 | 10,110 45.2 630 1,338 | 29,600 | 3,029.2 7,057 | 14,991 4, 950 
1, 149 8,910 ‘ 2, 002.0 3,270 | 6,946 3,470 
3, 541 8, 780 6.2 66 140 | 22,580 | 3,445.0 6, 222 | 13,217 | 3,840 
1,275 | 8,920 |--- 5,709.9 | 5,094 | 10, 822 | , 900 
9, 228 10, 970 35.9 396 841 | 23 430° 2, 561.6 7,074 | 15,027 5, 870 
41, 830 10, 330 | 268.6 | 3,498 | 7,431 | 27,670 25, 554.2. 51, 108, 886 i 4, 260 





1 The earnings are based on a rate of 0.582 cent per vehicle-mile, which is the estimated rate for the period 1934-39. 


provement greatly exceed the present earnings of an 
existing highw ay because of diverted traffic, generated 
traffic, and the normal rate of increase in traffic. The 
extent of the influence of each of these three factors will 
vary considerably with the region, the proximity to 
urban areas, the type of service rendered, etc. Such 
variations must be ignored in this paper, and general 
assumptions must be made for the country as a whole. 
It seems conservative to estimate that at the time an 
average rural section is improved to rural standards, 
the increase in traffic resulting from diversion would be 
approximately 10 percent, and generated traffic would 
be approximately 5 percent of the existing traffic. 
During the lifetime of the improvement, assuming an 
average life of 30 years, the normal rate of increase in 
traffic should be such that the av erage traflic during the 
entire period should be at least 50 percent greater than 
the traffic using it during the first year the improved 
facility is in operation. The average traflic during the 
lifetime of the improvement would, on the basis of 
these assumptions, be equal to 150 percent times 110 
percent times 105 percent of the traffic using the exist- 
ing highway, or approximately 173 percent. 

Th design standards to be applied are controlled 
by th tre affic density of the particular section, adjusted 


to include traffic which will be diverted to the improve- 
ment T he improvements on the system are to extend 
over « period of years, and the distribution of the rural 
sections among the various traffic-density groups will 
shift siaterially by the time reconstruction of all 
sectii has taken place. Some of the sections con- 


struc later years would still have earnings com- 


paral. with improvement costs after the life of some 


of i st sections had expired. For these reasons, 
the earning capacity of the system would have 
to be »-\imated on a very complicated basis, requiring 
many «-sumptions. However, the total e: arning capa- 
city ie system need not be known in comparing 
the with the earnings. If it can be shown that 
ther: \ favorable ratio of earnings to costs for any 
sectio eardless of which traffic density group it 
may hoppen to fall in at the time of its improvement, 
the r; of earnings to costs for the system would 


also hy to be favorable. 





For a section falling within any one of three major 
traffic density groups, when classified on the basis of 
its traffic density, adjusted to include diverted traffic, 
the average annual earnings per mile and per vehicle- 
mile during the lifetime of the improvement are shown 
in table 16, it being assumed that the influence of 
generated traffic and the normal rate of increase com- 
bined would be equal to 105 percent times 150 percent 
or 157 percent. In this same table there is also shown 
the amount to which these earnings would accumulate 
during a period of 30 years, which is assumed to be the 
average life of the improvements. These earnings per 
mile would, of course, shift to higher or lower levels 
if the improvement program were carried on in such a 
manner that the average adjusted initial traffic density 
of all sections selected for improvement within any 
density group were allowed to depart from the 1937 
determined average traffic density of that group. An 
increase can hardly be avoided for the lower traffic 
density group, but, theoretically, the levels for the inter- 
mediate and high traffic density groups could be 
maintained. Difficulties arising from shifts in levels 
can be avoided by confining appraisals of earnings to 
a vehicle-mile basis. The vehicle-mile basis also ap- 
plies just as well to one geographic division as to an- 
other, whereas the earnings per mile within any density 
group for a geographic division and for the 30-year 
period following improvement cannot be estimated 
reliably without exhaustive study. 


TABLE 16.— Average earnings of rural* sections of the tentative 


interregional highway system ! 


Annual earnings | Average annual 
for adjusted in- earnings for 30- 
itial traffic den- year period after | 


Total earnings for 
30-year period af- 
ter improvement 


Initial traffic den- 
sity adjusted to 








include traffic meee umprovement 

which would be —-— a . = a 

rempice ll Al Per 1,000 Per 1,000 | Per 1,000 

improve Per mile | vehicle- | Per mile | vehicle- | Per mile | vehicle- 

miles | miles | miles 

Less than 3,000.....| $2,810 $5.82 | $4,410 $5.82 | $132, 300 | $5. 82 
3,000-9,999 __ 10, 330 5.82 | 16,220 5.82 | 486,600 5. 82 
10,000 and over. -. 27,670 5. 82 43, 440 5. 82 |1, 303, 200 5.82 





1 It is assumed that the average traffic density for the 30-year period will be 157 
percent of the initial traffic density adjusted to include traffic which would be at- 
tracted by the improvement. 
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Figure 17.—AVERAGE MAINTENANCE Costs PER MILE FoR VARIOUS TRAFFIC DENSITIES. 


IMPROVEMENT, MAINTENANCE, AND OPERATION 
COSTS DISCUSSED 


The estimated cost of improving and operating the 
system must include suitable allowances for adminis- 
tration, maintenance, operation, and policing, in 
addition to the cost of the improvements. The cost of 
improvements actually includes the initial cost, the 
cost of emergency reconstruction caused by floods, 
slides, etc., the cost of widening some of the sections 
where the rate of traffic increase is abnormally high, 
etc. Allowances for these various classes of construc- 
tion may be made either in a direct manner or they 
may be made by considering the average life of the 
improvements to be a little shorter than the antici- 
pated life of those sections not requiring any recon- 
struction. The latter basis is preferred, and it is 
assumed that an average life of 30 years for sections 
built to the recommended standards is reasonable for 
the shortened life. 

Estimated maintenance costs are based on the unit 
costs shown in figures 17 and 18. These curves were 
drawn through the field of points obtained by plotting 
the maintenance cost data reported in Public Aids to 





Transportation, Volume IV.* The curves for the inter- 
mediate-type roads were carried no further than the 
3,000 average traffic density ordinate, because it Is 
assumed that any intermediate type surfaces would 
not be placed on sections carrying more than this num- 
ber of vehicles. The portion of the curves for the high- 
type surfaces shown by means of dashed lines was 
projected for high-traffic densities beyond the range ol 
the plotted points. 

The curves should not be considered applicable to 
4-lane highways but merely as indicative of the extent 
to which maintenance costs on 2-lane highways vary 
with traffic densities up to 5,500 vehicles per day. 
Beyond this traffic density the dashed curves siould 
be regarded as theoretical projections of the trend m 
the maintenance costs which might logically be used 
as a measure of the rate of change in maintenance costs 
on 4-lane divided highways. The 4-lane highway 


maintenance costs would obviously be at some higher 
level. Considering the fact that most of the heavier 
traveled sections requiring 4-lane treatment \ I] be 


located where more than usual attention must be paid 
n, 1940. 


3 Published by Section of Research, Federal Coordinator of Transport 
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to landscaping, it has been assumed that the amounts | tion cost during the life of the improvement based upon 
indicated by the curves based on 2-lane maintenance | values obtained from the curves shown in figures 17 
costs should be doubled. For highway sections carry- | and 18. An allowance for policing equal to 15 percent 
ing more than 10,000 vehicles per day where special | of the maintenance and operation cost is made and an 
design is recommended, amounts equal to two and one- | allowance of 5 percent of the total construction and 
| half times those indicated by curves based on 2-lane | maintenance expenditures is made for administration 
maintenance costs have been assumed. and overhead. , ; 
) In selecting from the curves a value that is appli- For a section falling within any one of three major 
t cable for the life of an improvement, it is necessary to | traffic density groups, when classified on the basis of 
y select the value corresponding with the average traflic | its traffic density adjusted to include diverted traffic, 
; density during the period of service and not the value | the cost per 1,000 vehicle-miles and the average annual 
d for the traffic density at the time of the improvement. | and total costs per mile during the lifetime of the im- 
1 n accordance with assumptions made in the calcula- | provement are shown in table 18. As in the case of the 
d ion of the earning power of the system, the traffic | earnings similarly shown in a previous table, the costs 
8 density controlling the selection of the maintenance | per vehicle-mile would shift to higher or lower levels if 
Cost should be 157 percent of the initial traffic density | the improvement program were carried on in such a 
t ated to include divertable traffic. For values | manner that the average initial traffic density of all 
. “ag for traffic densities of less than 3,000, a point | sections selected for improvement within any density 
e vue somewhere between the two curves should be | group were to depart from the 1937 determined average 
d p = «Selected. traffic density of that group. However, in contrast to 
» 1 Table 17 shows the estimated maintenance and opera- |! the tendency for the earnings per mile to increase, a 
i 
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decrease can hardly be avoided in the costs per vehicle- 
mile for the lower traffic density groups, but it would be 
possible to maintain the levels in the other groups. 
The effect of any probable change of levels will always 
be to improve the relationship between earnings and 
costs, as can be shown by comparison of the estimated 
earnings and the estimated costs shown in this paper. 


TABLE 17.—Average costs of improving and operating rural sec- 
tions of the tentative interregional system 








| . | | 
| Mainte- | Average annual | , a 
| Initial | nance | __ | cost of improve- dol ae 
| cost ' of | and oper-| Admin- | ment and oper- | po 6 cosiaiiom 
loftheim-| ation | stration | ation during | poe Re, the 30. 
initial trae, | Prove sts in-| css er | the asear | SE 
density adjusted | | 99 ve- | policing, | ‘hicle. | P 
to include traffic | “’); OF ae a a ae cme 
whieh bicle- | per 1,000 | miles of 
ch would be | miles of | vehicle- | travel 
attracted by the oe) oe | ee . 
improvement travel | milesof | during Per Per 
I | during | travel | the 30- | Per | 1,000 | Per |_1,000 
| the 30- | during | year | mile (vehicle-| mile | Vehicle- 
} anal the 30- | period miles miles 
perioc year 
| period | 
y ~ a —— ae eae (ghee Fae tos i 
Less than 3,000... $2.92| $0.55! $0.17 | $2,760! $3.64 $82,800 | $3. 64 
,000-9,999 . . . . ~ 2. 68 | . 55 -16 | 9,460 | 3.39 | 283, 800 3.39 
10,000 and over-..| 2. 40 . 39 | -14 | 21,900 2.93 (657, 000 2. 93 





1 Includes allowances for right-of-way engineering, and contingencies. 


TaBLeE 18.—Estimated maintenance and operation costs for rural 
sections of the tentative interregional system ! 





| ae | 
| Annual costs for | ——- a 
adjusted initial | (ons riod after | 

traffic density | ear Period after 
| improvement | 


Total costs 
during 30-year 
period after 


Initial traffic density ad- | improvement 


justed to include traffic 
which would be attract- 
ed by the improvement 











| pp | Peviooo| » Per 1,000! p,, Per 1,000 

| Per | ‘vehicle- | Per | vehicle- | Fer | vehicle- 

| miles | © | miles miles 

| | | | 

| Dollars} Cents | Dollars| Cents | Dollars| Cents 
Less than 3,000. -.......-- | 320] 66.336 | 362) 47.798 | 10,860 47. 798 
,000-0,000................ | 1,040 | 58.580 | 1,330| 47.716 | 39,900 47.716 
10,000 and over. -_......--- 2, 150 34. 167 


45. 227 | 2.550 | 34.167 | 76, 500 





1 It is assumed that the average traffic density for the 30-year period will be 157 
percent of the initial traffic density adjusted to include traffic which would be at 
tracted by the improvement. 


SUMMARY 


Table 19 shows a comparison of the estimated earn- 
ings during a 30-year period with the total estimated 
costs during a 30-vear period, which is assumed to be 
the average life of a section improved to the recom- 
mended standards. This is the picture that is ob- 
tained when improvements are financed on a “‘pay as 
you go”’ basis, from current revenues, and are under- 
taken after the present improvement has paid for 
itself and is due for reconstruction. Obviously, other 
relationships would exist if new improvements were 
to be financed by other methods or if new improve- 
ments were to be undertaken before the present im- 
provements had served their economic life. If the 
whole program were to be undertaken at once, financing 
charges would have to be included in the costs, and 
earnings required to liquidate the unretired balance of 
the investments in existing improvements would have 
to be subtracted from the earnings. These two opera- 
tions would narrow or possibly wipe out the excess 
earnings of the system. 

Before these excess earnings, shown in table 19, 
excite too much enthusiasm for the interregional high- 
way system proposal, and before they invite false 
conclusions as to the advisability of proceeding immedi- 
ately with a great portion of the work financed by 
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borrowed money, careful consideration must be given 
to their true meaning. 


TABLE 19. 


the tentative interregional system 


lotal cost of 


i Excess of earn- 
improvement xcess of ea 


Total earnings 
Total earnings ings over costs 


Initial traffic and operation | during the during the 30- | 8 
density adjusted during the “¥ 30-year period year period co 
to include traffic FORE POLE ie» 
which would be =—— ——| ———— _— ne - th IB 
attracted by the Per Per Per : “ 
improvement Per 1,000 Per 1,000 Per 1,000 | period 
mile | vehicle mile vehicle | mile | vehicle 
miles miles miles 
Pe nt 
Less than 3.000._.._ $82,800 | $3.64 | $132,300 | $5.89 $49,500 | $2.25 f 
3,000-9,999 , 283, 800 3.39 486, 600 5. 89 202, 800 2. 50 5s 
10,000 and over 657, 000 2.93 1,303, 200 5.89 (646, 200 2. 96 i 


Present practice does not consist of financing high- 
ways of a single class with funds earned by that class. 
If costs and earnings were balanced for each class of 
highways, lightly traveled routes could seldom be im- 
proved with available funds to the minimum standard 
satisfactory to the highway users. The construction 
of lightly traveled secondary and local roads must be 


| subsidized from excess earnings of heavily traveled 


routes. Unless this practice were followed, lightly 
traveled routes could not be developed unless additional 
funds from a new source were made available. Unless 
lightly traveled or feeder routes, which provide access 
to widely scattered points, were developed, the main 
highways would be less heavily traveled and the earning 
sapacity of the main traveled routes would be reduced. 

The interregional highway system tentatively se- 
lected is the most heavily traveled integrated national 


| system that it has been possible to select. The routes in 





each State are invariably the greatest, or at least among 
the greatest, revenue producing routes. It would seem 
that even a lower percentage of their total earnings 
should be applied to the development and operation of 
the system than is applied to the remaining heavily 
traveled routes of the State highway systems, if equilib- 
rium is to be maintained amongst the various systems. 

It is interesting to note that even within the inter- 
regional system, table 19 shows that the total earnings 
during the 30-year period following improvement would 
exceed the total costs during the 30-year period by 
greater amounts for the more heavily traveled sections 
than for the more lightly traveled sections. The per 
centage of the earnings required for expenses over 4 
30-year period on sections having adjusted initial traffic 
densities of less than 3,000 vehicles is shown to be 63 
percent. For sections falling within the intermediate 
traffic density group where 4-lane highway design }s 
recommended, the percentage of the earnings re ulred 
for expenses drops to 58; and for sections falling within 


the highest traffic density group, the percentage 
drops to 50. 
These relationships are only preliminary indic tions. 
The main problem still lies ahead in refining the «.alyss 
by substituting facts and field determinations for | reset! 
assumptions and estimates. The present analys + must 
be extended to include various methods of fi: uncilg 
and complete studies must be made by regions «nd by 
States. Coincident with these studies, studies 1 \ust be 
made of the amount that local roads must be su! sidized 
from excess earnings of the more heavily aveled 
systems. In fact, analyses similar to this inter: egion™ 
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system analysis must be applied to all systems. Stand- 
ards for all systems must be adjusted to levels that can 
be afforded. These refinements and extensions of the 
analysis of the rural sections will require a great deal of 
work, but the larger and more significant job ahead is 
planning the improvement of urban sections. 

The best preliminary estimate shows that the cost 
of urban sections of the tentative interregional system 
is only about one-fifth of the expenditure that must 
be made to modernize highway and street facilities 
in the cities traversed. The modernization of only 
the interregional system in the vincinity of cities would 
be but a palliative because the system would soon be 
overloaded by traffic attracted to its superior facilities. 
Only by construction of comparable facilities in other 
directions on the cities’ street networks can the economic 
growth of cities and the success of the interregional 
system itself be assured. 


APPENDIX 


In the discussion of design standards it was stated 
that: 


The limiting degree of horizontal curvature must usually be 
selected on the basis of a number of economic considerations, 
only one of which is the extent to which desirable sight distances 
can be provided. Once the specifications for horizontal aline- 
ment and cross sections are settled, the sight distances limited 
by cut banks on horizontal curves are fixed. Obviously, no 
advantage to the traveling public can be gained by increasing 
lengths of vertical curves occurring on horizontal curves beyond 
those lengths required to provide sight distance equal to that 
afforded by the horizontal curve. There is, therefore, no 
justification for construction expenditures for this purpose. 


On horizontal curves having sufficient length for 
the view between vehicles on the curve to be restricted 
by the cut bank, there is a constant, for any distance 
between the centerline of the highway and the cut 
bank, which, when divided by the degree of curvature 
may be multiplied by the algebraic difference in grades 
to give the length of vertical curve whose crest will 
limit sight distance to the same extent as the cut bank 
will limit it. Such a constant is specified for the inter- 
regional system and its value for the interregional high- 
Way cross section is 700. 

For sections of the highway located on tangent, and 
on short horizontal curves where sight distance is not 
restricted by cut banks but by crests in vertical aline- 
ment, constants shown in table A are specified. These 
constants, when multiplied by the algebraic difference 
in grades, give lengths of vertical curves which will 
provide sight distances as great as can be afforded and 
yet maintain equilibrium between this feature of design 


and the other features. It will be noted that shorter 
vertica! curves, and correspondingly shorter sight dis- 
tances, are specified for 4-lane divided highways than 
are specitied for 2-lane highways. This is done because 
the chicf advantage in increasing the sight distance on 
4-lane divided highways is that safe stopping distances 
for hizher speeds of travel are provided; but on 2-lane 
highways, the further advantage is gained that vehicles 


traveling in the same direction may pass one another at 
higher speeds without increasing the hazard of meeting 
a1 oncoming car before completing the passing ma- 
heuver. ‘This hazard obviously does not exist on 4-lane 
divided highways, 

_ For the various classifications of 4-lane highway sec- 
tions, the speeds for which adequate sight distances on 
vertical curves are provided are related to the speeds 
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at which horizontal curves of the maximum degree may 
be negotiated safely, because the economic limits of both 
the degree of horizontal curvature and the length of 
vertical curve for various classification of highways are 
determined by the type of topography and the traffic 
service. Also, in terrain where drivers are required to 
reduce their speeds in order to negotiate the horizontal 
curves, relatively short vertical curves should not be 
found as objectionable as they are in flatter terrain. 
Careful consideration of the rate that excavation quan- 
tities increase with lengths of vertical curves has led to 
the conclusion that the greatest speed for which sight 
distances on crests in vertical alinement can be made 
equal to safe stopping distances, without excessive 
expenditures, is the maximum speed that can be trav- 
eled around horizontal curves of one-half the maximum 
degree (twice the minimum radius) specified for the 
particular classification of the highway section. This 
criterion has been selected because (1) most of the 
horizontal curves occurring on any section have shorter 
radii than the radius of a curve of half the maximum 
specified degree, which means that drivers of vehicles 
will generally be accustomed to reducing speeds below 
this critical speed on most of the horizontal curves, and 
(2) an examination of resulting speeds indjcates that 
they are reasonable in relation to other factors. 


TABLE A.— Values of K ' for computing length of vertical curves on 
horizontal tangents.and short horizontal curves 2 





Values of K 








( lassi- 
fication Present average comes ae 
pee : Sontin Aenel Type of topography 
ys - daily traffic density Minimum Maximum 
; permissible | desirable 
Relatively level... -- 1,070 | 1,070 
I Less than 1,000... a a 550 550 
Mountainous. ---.---- 260 260 
Relatively level _- 1,070 1, 070 
II 1,000-1,999 Ss 550 | 550 
|Mountainous hate lasing 260 260 
| Relatively VGl.....2<) 1,070 1,070 
III 2,000-2,999 - eee 550 550 
|Mountainous neta nlaig 260 260 
Relatively level -_- 465 | 465 
IV 3,000—-4, 999 Rolling-.-- 233 465 
Mountainous_-...-.-- 175 | 465 
Relatively level. ----- 465 465 
\ 5,000-9,909_____. aS 350 | 465 
|Mountainous Be gad 280 | 465 
| Relatively eee | 465 | 465 
VI | 10,000 or more... }Rolling........--.---- 350 | 465 
Mountainous. -...-..- 280 | 465 





! Length of vertical curve = algebraic difference of grades X K. 
where sight distance is restricted by vertical curve. 

2 For computing lengths of vertical curves occurring on long horizontal curves 
where sight distance is restricted by cut bank, use formula K = 700 in all traffic 


For use only 


D 
classifications and on all horizontal curves whose lengths are in excess of the following 
values: 


Feet Feet 
1° curve oe ‘ 1, 060 a eee eer aes a 440 
2° curve_. , ; 750 Fe i vinuecctnyeneeihiraanoececu 410 
3° curve 620 _, a aa erees 380 
4° curve ‘ 530 OF as io iniick ced tane nee enue 30 
5° curve......- 480 Be Roan isiicnnce nena meecesece 350 


Maximum lengths of vertical curves in relatively level topography shall be 4,000 
feet, in rolling topography 3,000 feet, and in mountainous topography 2,006 feet. 


Values of the constants for computing lengths of 
vertical curves occurring at crests on 2-lane highways 
are based on providing sight distances permitting passing 
maneuvers (1) in relatively level topography when the 
passing and oncoming vehicles travel 60 miles per hour 
and the passed vehicle travels 50 miles per hour, (2) in 
rolling topography when the passing and oncoming 
vehicles travel 50 miles per hour and the passed vehicle 
travels 40 miles per hour, and (3) in mountainous 
topography when the passing and oncoming vehicles 
travel 40 miles per hour and the passed vehicle travels 
30 miles per hour. Actually, passings can probably take 
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calculations are based on existing passing maneuver 
theory which appears to be on the conservative side. 
In cases where maximum algebraic differences in grades 
are approached, the standards specify reduced lengths 
of vertical curves below the values obtained by the use 


place safely at higher speeds than these because the | 
of the constants. | 


These reduced lengths are necessary 


Speeds permitted on vertical curves occurring 
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because of topographical difficulties and should be 
accepted even though the speeds at which passing 
maneuvers may take place are lowered by about 10 
percent. 

The maximum safe speeds of travel at any point 
where the sight distance is limited by any feature of the 
design are shown in table B. 


TaBLE B.—Mazimum safe speeds permitted by limiting vertical curves! suggested for interregional highways 


Speeds permitted on vertical curves occurring 


| 
| | 
| on long horizontal curves when sight distance on horizontal tangents or short horizontal 
| isrestricted by cut bank curves 
} - — ~ ——_—__—— —_—-- = 
Classifi- . ; | Minimum permissible Minimum desirable Minimum permissible Minimum de ( 
cation of I "haa rons Sam Type of topography length of vertical curve | length of vertical curve | length of vertical curve | length of vertical! curve 
section | ; y meee a ni pak hee SS \ htt 
j } | 
| Lowest Lowest Lowest Lowest Lowest Lowest | Lowest Lowest 
maximum maximum | maximum | maximum | maximum | maximum | maximum tn 
safe passing safe passing safe passing safle 
speed ? speed 3 speed ? peed 3 speed ? speed 3 speed 3 
| : 
} M. p.h M., p. h. M. p. h. M. p.h M. p. h. M. p. h. M.p.h. | M 
| Relatively level 68 28 68 28 80+ 453-60 80+ ‘ 
I Less than 1,000 .--|; Rolling ; wa 53 20 | 68 28 4 76-80+ 4 44-50 80+ 
| Mountainous . 47 17 68 28 461-70 435-40 | 80+ 4 
i 
| , 
} {Relatively level . 68 28 68 28 804 4 53-60 80+ 
II | 1,000-1,999 7 ...|4 Rolling._- ie 53 20 68 23 4 76-80+ 4 44-50 R0-+ 
||Mountainous.- —— 47 17 68 8 461-70 435-40 80+ 40 
{Rel atively level- 68 28 6S 28 80+ 4 53-00 80+ ‘ 
UI 2,000-2,999 {Rolling......-.--- 56 20 68 28 TO-80+) 444-50 80+ ‘ 
Mountainous - -----. 52 18 68 8 4 64-70 4 35-40 80+ 
[Relatively level... 68 68 68 68 80 + 80+ a+ gp 
IV | 3,000-4,999 ..--|¢ Rolling_. PEE 56 56 68 68 70 70 | 80+ s+ 
| Mountainous abieince ; sel 52 52 68 68 64 64 80+ + 
| | 
| {Relatively level... 68 68 8 68 | 80 80-+ | 80+ s+ 
V | 5,000-9,999 .--|4 Rolling peohiows 63 63 68 68 73 78 89+ s+ 
Mountainous. _._.-- 59 59 68 68 73 73 80+ s+ 
| ‘ ‘ : 
| | {Relat ively level --_- 68 68 68 68 80+- 80 80 + s+ 
VI | 10,000 or more-.-_........-.|{ Rolling......._- 63 63 68 68 78 78 804 s+ 
| | Mountainous.- weaves 59 59 68 68 73 «| 73 


| 
| | 





80+ S)+ 


1 When sight distance is restricted by cut banks on horizontal curves, vertical curves have been selected which provide the same sight distances as do the horizontal curves. 


Therefore, lengthening of vertical curves would not make higher safe speeds possible 


2 Lowest maximum safe speed is the maximum speed which vehicles can travel and yet stop safely within the sight distance provided on the shortest vertical curvy 


mitted for the indicated classification of highway. 


3 Lowest maximum passing speed is the maximum speed which passing and oncoming vehicles may travel and yet complete a passing maneuver when the passed vehicle 


is traveling 10 miles per hour slower on the shortest vertical curve permitted for the indicated classification of highway. 
4 The lower speed applies when the algebraic difference in grades is the maximum permitted; the higher speed applies when the algebraic difference in grades i 


two-thirds of the maximum allowable. 


} vel 












































































































































































June 1941 PUBLIC ROADS 97 
TABLE Ge2, 1940 
COMPILED FOR CALENDAR YEAR FROM REPORTS OF STATE AUTHORIT ISSUED MAY 1941 
ae r 
TAX AMOUNT . ; AMOL NT NET A ‘ 2 | t N NCREASE 
RATE noes EXEMPTED ROSS SUBJECT AXE aeiitait aia 
AMOUN 
TATE GALLON PAYMENT REFUND T PREVA N STATE 
. RTED y 
a REPORTED or - TOTAL Nv ATE bea PER- 
DECEMBER 4 TAX ENTIRE ATE Pt “OUNT DURIN AMOUNT ENT- 
31 5) TAX A " 339 AGE 
2 
i ENT ALLON ALLONS AL s ALLOM ALL | a $ ALLONS 
| | ’ 
ALABAMA é 2 - 259,91 - yy . - | - 9 1 ALABAMA 
ARIZONA 5 11394 4,575 108 , S¢ , IS» , - | - | 2939 ARIZONA 
ARKANSA 1,421 os 163,501 = 9501 , 5 | , } , ARKANSAS 
ALIF A P45, ° 219 1,911, 23k 1, , , » | - | - | Vs . CALIFORNIA 
. > = 1.4 -_ T T T —— COLORADG — 
al 4 251,86 2045 243, 4? Hy7h 974 - | - | H,rh COLORADO 
x NNECT T 7 7,5 <* perth 04,594 os - - | 2/4 
DELAWARE 4 1,498 62,42 be 939 39 = } bok 
A 24 9,407 ’ - » | | , ) 
C §00 gee ed 4 a 4 } > | OC 
1 107,044 rf * - »* , b | 44h, 
940,44) - 1,540.44 2474 9410,% , % - | 9336, 
4 936 2 698 09 , 641,164 164 | 8,734 
‘ ay ; ‘ | | T 
, » , 4 Pes) »F | o = | 
» SSE 150,566 4 a Oe , > | 4 
KENTUCK 9334 10,129 Ys - 5» | | - | ’ 7 
F € | 
LO ANA , , , + peck , } | L | eed 
MA | NE 4 2x ‘ e404 - 9404 49, | h | P 
MARY LAN b 4 OO 4,554 ; ° 4 , | 3 ; | 95k 
MAQSA eTTS 47,204 2941 the 7 , , - | - | , 
" AN 2 , 1G, 2’cls 420° vi) o 2 ot au t me 
MINNESOTA 1 93 p 842 29,563 4 279 , 497, ’ | | 469, 
» ¢ 4,53 171 ’ - » , | | eh2e 
" ne 097,545 - ¢ 254 Hpceh \< , , - | | 97 
MONTANA 9039 9001 , , +94 , ot a J 
* - + 2 t + + 
NEBRASKA Zhhy 35h 09 9 4 , , | | | , 
NEVADA “ +<9 eo, , , , | | | sf 
NEW KAMP RE & < 653 917% 7" ~, , | ~ | ohh 
+. NEw JER s } #5 OOS q ID (OM ’ , , } | | 9 34 
Mix | , , ) r4 , Mey , * | 9374 
4. NEw « 9970, e ’ 9934 , , 9 , | | | , 
N A A ¢ 463,49 i, 7H 453, - , 40, | ’ 934 
N AKOTA “ +7 92h 01,40 , - , , | | | » 9094 
+ , = t + + 
i. . . 24/3,% ee pase , , pOO4 , , | | , 
4 mA Aa * - , ¢ , , - , , j | , 
REGON 264, ’ , “yy dy ) i % | , 3 
. PENN ANIA : 4 | 581, 6,69 , , inl 2 2 , £ | + } ; 
n At 1% ', OF , +. , , | 3 | = | , . 
T s A NA ¢ be - 4, b » 909 ), 39 2398 | | ’ 
T wT AK aA * >, 1 “» .< oe , , y , » | = | , 
TAP & 107,194 4,769 2,4 - 102,4 , | - 234 
VERMONT 4 , B0e 8 69, 92¢ 2 ¢ | | . 
r vir A : 417,599 - 417,599 * 92,9 , | } 25h 
2 - + 
WAS ‘0 Hy 3h s77¢ , 27,700 475 | | 20,98 
° wEST NIA 7 , - , O, 4 7 - | 904 
“ N 4 , 789 re 9119 ke, Is , - 
wYOm 4 »75 975% 68,999 - 68,999 3999 - > 
DISTRICT MBIA 69,51 hd 162,071 17 ¢ . | | 
-—_————_— -—— ——————— —_—-——— a 
20/ 3496 | 24,167,19 4,008 | 23,313,1 13.441 | 2590 | 02 OTAL 
= a ee 
MOTOR-FUEL USACE WILL BE GIVEN IN TABLE C- f% ve NCIT 
THER AMOUNTS NOT REPRESENTIN NSUMPT NE AN n n R FUEL USEO IN INTERSTATE 
cLis POSSIBLE. IN CASES WHERE STATES FA RE TION, ‘ 
N, THE GR AMOUNT TAXED IS SHOWN IN THIS RATE At t 
CS ALLOWANCES FOR EVAPORATION ANO OTHER | FEOERA FIVE CENT N 
HWAY SE, WHERE NITIAL EXEMPTIONS RA REF b AVIATION N 
x FEET OF BORDER, TAX 1S REDUCED TO THAT OF AQUA ESEL F 9 > ONS « 
x ENTS, 5,366,000; AT & CENTS, 16,107,000. ALLONS T s 1,000, 
ATION FUEL TAXED AT ENTS, 349,000 GALLONS; MOTOR am D FUEL (KEROSENE, 
£0 ON NONHIGHWAY USL), 9,053,000 GALLONS. » ETC. x N HE 3-CENT TAX ON 
NS TAXED AT 5 CENTS, 3,003,000; AT 5.1 CENTS, 85,441, MOTOR=-VEF £ FUEL. 
EPRESENTS EVAPORATION OR LOSS ALLOWANCE UNDER 5-CENT TAX NOT ALLOWED UNDER 7 f R CENTS PEF N REFUNDE IN MOT IN AVIATION, 
A NAL 2-CENT TAX, WHICH IS ADMINISTERED UNDER A SEPARATE LAW. REVISE NCE Ff ATION TABLE G- 
“REE CENTS PER GALLON REFUNDED ON NONHIGHWAY USES. 9 Tw ENTS PER GA N RE € N MOT N INTRASTATE AVIATION. 
, NE CENT PER GALLON REFUNDED ON MOTOR FUEL USED IN VEHICLES LICENSED T PERATE we 4TED AVERAGE RATE. 
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TABLE G-1, 194 
MP}LEO FOR CALENDAR YEAR FROM REPORTS OF STATE AUTHORITIES ISSUED MAY 194 
THER RECEIPTS IN CONNECTION WITH 
RECEIPTS FROM TAXATION OF MOTOR FUEI MOTOR-FUEL TAX 
we | | | | ] ] | 
DEOUC- | | | | | | ADJUSTED 
PER ; | TIONS BY = | | | | NET NET } 
STATE GALLON 3ROSS DISTRIB- ROSS aie NET NSPEC=- FINES - may TOTAL VIATIO TOTAL a 
oN _TAX uTors | RECEIPTS | REFUNDS IRECEIPTS |} TION AN | r | yova ECEIPTS | casocine | RECEIPTS 
DECEMBER LLEC- FOR | aY Palo Y FEES PENAL= | ercerprTs | | 
31 TIONS EXPENSES | STATE y Svare : ee | 
1 | | | | 
+ — + ' ' T 
» | 1,000 | 1,00 1» | 1, 1, , | % : | 1 ; 1 1, 
ENT } DOLLAR LLARS LLaRS | DOLLARS LLA A A A | LULA a 
| | 
ALABAMA 6 | 45 15 < é . | . é 15,535 dj 15,595 | ALABAMA 
AR | ZONA 5 . - 4,769 - 4,769 | ARIZONA 
ARKANSAS 6.5 - 1 . 1 11,41 - 11,412 ARKANSAS 
CALIFORNIA 1 - | 51,978 - IFORNIA 
}_——____ + + + + (ae — ~ —— 
+ ° | - 2291 - 9291 LORA 
z ¢ Fi 11,084 : 11,084 NNECT . 
4 - - . 9325 2,325 DELAWARE 
— = | = 4 | ? - | 27,446 RIDA 
6 - - - - 4 EORGIA 
e1 - 4,51 DAn 
5] - 403 464 41,524 NOIS 
NDIANA 4 * - 4 - 6 » OOF NDI ANA 
+ + + + 
| OWA 3 . is 3 j he 5 149655 WA 
KANSAS 3 - a i: - 10, 562 KANSAS 
KENTUCKY 5 - - 4 4 4,717 - 18,71 KENTUCKY 
LOUISIANA 7 q - | | * | | »¢ - 3,¢ ANA 
MAINE 4 a - * ° . 2 »929 | MAINE 
MARY LAND 4 - - - 11,44 MARY LAN 
MASSACHUSETTS 3 i" | - 22, 327 9401 - . - . »454 | MASSA t 
MICHIGAN 3 4,116 ,65 »40e - - 308 | AN 
~ Ea Me a | + + + + + + 
MINNESOTA u/ 3 20,933 | - 9 ‘i 3, 3h , - 
MISSISSIPPI 5 é 2,33 - hoe 11,931 - - - - - 
MISSOURI! r 13,89. - 2. 13,301 « ~ 4 - 
MONTANA 5 6,378 - 6,37 231 068 - - - 6 - 
a ma! _— + + + 4 
NEBRASKA 12,133 ” | 9 O42 7h 2 - ) 1 
NEVADA 4 1,620 1 9589 . 1 - - 
NEW HAMPSH | RE 4 3579 - 357% - 3,€ - 
NEW JERSEY 3 26,546 - 6, 54€ , ? 24,33 ° 
NEw MEXICO § Ss2h5 | 5e2h5 | . = 8 | ‘ 4,699 ] 
NEW YORK 4 76,062 | 761 | 75, . . ° 61 rte 
NORTH CAROLINA 6 - 99 - ,089 - ,098 4 - 
NORTH DAKOTA 4 3541 . - my 101 3,45 ° 
OHIO ay - 337% | ’ - T - T - T T 5789 | - 
OK LAHOMA 4 379 +795 - % - 296 , 067 
OREGON 5 - 9 ‘ * © e ° 4 
PENNSYLVANIA a 1 »487 - - - - 
ae on ~ + + + ; 
RHODE |SLAND 3 - 4 . . rn = 
SOUTH CAROL! NA 6 - - 3 6 13,91C 
SOUTH DAKOTA 4 205 - 4 - . 4,52 ¢ 
TENNESSEE 7 - | “ »146 . , 3 & 
TEXAS 4 55 % = T T 2 T T 3 47,530 = 
UTAH 4 | 6. - b, . . 4,056 68 
VERMONT & | ~ | ° | 78 @ ° ° 2,781 * 
VIRGINIA 5 | - | 9241 9,404 - 4 19,4 ¢ 
WASHINGTON 5 | 7h 1,406 | ‘?,172] | © | to | 9 ALD T 77,185 | waASniNCcTON 
WEST VIRGINIA 5 | - 301 10,680 11 - - - 1 10,691 - 1 1 WEST VIRGINIA 
WISCONSIN 4 | - 9711 2 - 161 - - 6 21, - 2 WISCONSIN 
WYOMING ‘ | - ~ - - 2 »77h Sa WYOMING 
DISTRICT OF COLUMBIA é | - sehy 2 | 2 - - - 2229 - DISTRICT OF MB! A 
4 — 
TOTAL Y/ 3-96 918,847 4,358 314,489 9017 | 864,472 495 5,473 44 é 6, 570,092 556 870,136 TOTAL 
“ ———_— 
1/ THE STATES FOR WHICH AMOUNTS ARE SHOWN MAKE ALLOW > TO DISTRIBUTORS FOR y RATE CHANGED FROM § CENTS TO 3 CENTS SEPTEMBER 1. 
EXPENSE OF COLLECTING THE TAX, IN KENTUCKY, SOUTH DAKOTA, UTAH, AND WASHINGTON ALLOW- 5 PECIAL COUNTY TAXE F 3 CENTS PER GALLON IN HANCOCK COUNTY AND 2 CENT 
ANCES OF 2 1/4, &, 3, AND 1 PERCENT, RESPECTIVELY, OF THE TAX OTHERWISE DUE ARE MADE GALLON IN HARRISON AN ACKSON COUNTIES, AMOUNTING TO $197,000 IN 1940, ARE |MP 
IN CONSIDERATION OF BOTH EXPENSE Of COLLECTION AND GALLONAGE LOSSES IN HANDLING, N FOR SEAWALL PROTECTION AND ARE NOT INCLUDED IN THIS TABLE. 
THESE STATES THE ALLOWANCES FOR EXPENSES ONLY HAVE BEEN ESTIMATED AS 1, 34, Thy AND 2 6 OH'O IMPOSES A 3-CENT TAX ON MOTOR-VEHICLE FUEL AND A 1-CENT TAX ON A 
PERCENT, RESPECTIVELY. Quid FUELS. THE RECEIPTS FROM THE 1-CENT TAX APPLICABLE TO NON-MOTOR-VEH 
2 STARS INDICATE AMOUNTS LESS THAN $500, KEROSENE, FUEL IL, ETC.) WERE $638,000. THESE RECEIPTS HAVE BEEN ELIMINATE " 
FEES FOR INSPECTION OF MOTOR-VEHICLE FUEL. WHEREVER POSS/ALE, FEES FOR THE TOTAL GIVEN, WHICH REPRESENTS A §-CENT TAX ON MOTOR-VEWICLE FUEL. 
INSPECTION OF KEROSENE AND OTHER NON-MOTOR-VEHICLE FUELS HAVE BEEN ELIMINATED. 7/ WEIGHTED AVERAGE RATE. 
a 
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PUBLICATIONS of the PUBLIC ROADS ADMINISTRATION 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. As his office is not connected with the 
Agency and as the Agency does not sell publications, please 
send no remittance to the Federal Works Agency. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 
Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 
Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1938. 
10 cents. 
Report of the Chief of the Bureau of Public Roads, 1939. 
10 cents. 
HOUSE DOCUMENT NO. 462 
Part | . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 
Part 2 Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 
Part 3 . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 
Part 4 Official Inspection of Vehicles. 10 cents. 
Part 5 Case Histories of Fatal Highway Accidents. 
10 cents. 
Part 6 . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP The Results of Physical Tests of Road-Building 
Rock. 25 cents. 

No. 191M! Roadside Improvement. 10 cents. 

No. 272M! Construction of Private Driveways. 10 cents. 

No. 279M! Bibliography on Highway Lighting. 5 cents. 

Highway A-cidents. 10 cents. 

The Taxaiion of Motor Vehicles in 1932. 35 cents. 

Guides to !raffic Safety. 10 cents. 

An Econo:.ic and Statistical Analysis of Highway-Construction 

Expend ures. 15 cents. 
Highway |}nd Calculations. 10 cents. 
Transition 


urves for Highways. 60 cents. 
Highways of | listory. 25 cents. 


Se 


= 


DEPARTMENT BULLETINS 


No. 1279D Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 

No. 1486D Highway Bridge Location. 15 cents. 

TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T Electrical Equipment on Movable Bridges. 


35 cents. 








Single copies of the following publications may be obtained 
from the Public Roads Administration upon request. They can- 
not be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 

No. 296MP Bibliography on Highway Safety. 

House Document No. 272 . . Toll Roads and Free Roads. 
Indexes to PUBLIC ROADS, volumes 6-8 and 10~20, inclusive. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act  1.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act Il.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act I1].—Uniform Motor Vehicle Civil Liability Act. 

Act I1V.—Uniform Motor Vehicle Safety Responsibility Act. 

Act V.—Uniform Act Regulating Traffic on Highways. 


Model Traffic Ordinances. 








A complete list of the publications of the Public Roads Ad- 
ministration, classified according to subject and including the 
more important articles in PUBLIC ROADS, may be obtained 
upon request addressed to Public Roads Administration, Willard 
Bldg., Washington, D. C. 
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